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ABSTRACT 
THE SIGNIFICANCE OF LITHOLOOY IN DEBRIS TORRENT 
OCCURRENCE IN THREE REGIONS OF BRITISH COLUMBIA 
A debris torrent is a flow of a viscous fluid consisting of coarse inorganic and organic 
debris mixed with water in a steep confined channel. The most distinctive characteristic of 
debris torrent material is the absence of silt and clay, and the presence of coarser material 
ranging from sand to blocks to boulders, and large organic debris. This distinguishes them from 
other debris flows which contain silt and clay. 
Bedrock lithology, which influences texture of debris on the mountainside, exerts a 
control on the occurrence of debris torrents. The objective of this study is to consider the 
lithology of the debris source and its significance in debris torrent occurrence. A theory of 
Bovis and Dagg (1987), that channels on plutonic rocks occurring on steep mountain slopes are 
predisposed to debris torrents is examined within this context. 
Three regions of British Columbia are studied, the Queen Charlotte Islands, the Howe 
Sound area, and the Cheam-Wahleach area. They are selected because of data availability. All 
of the flows are described in the literature as debris torrents. A comparison of the regions 
establishes similarities in climate and topography after which lithologies are compared. 
All three regions are characterized by steep slopes, a temperate maritime climate, and are 
subject to high intensity rainfall and high annual precipitation. Bedrock is primarily volcanic 
and sedimentary in the Queen Charlotte Islands study region, plutonic in the Howe Sound 
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region, and plutonic and schist in the Chearn-Wahleach region. The lithology of the clasts in 
the debris torrents is reflective of the bedrock or swficial material from which it is derived. The 
texture of the debris incorporated in the flows on the Queen Charlotte Islands is boulders to silt 
and clay, in Howe Sound boulders to sand, and boulders to sand in Chearn-Wahleach, although 
silt and clay have also been observed. Debris torrents in the three regions were triggered by 
debris slides, slope failures, intense rainfall, and snow avalanches. 
The results of the comparisons indicate that in the study regions, the texture of the 
material in channels in which debris torrents occur is boulders to sand. The large clasts are 
derived from rock slides and rock falls from plutonic rock. In contrast, the texture of material 
derived from sedimentary and volcanic rock consists of boulders to silt and clay. Flows 
consisting of boulders to silt and clay may be considered debris flows. 
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-CHAPTER 1 INTRODUCTION 
1.1 INTRODUCTORY STATEMENT 
Many debris torrents have occurred in Canada, all in areas of high relative relief and 
precipitation. The first to be described occurred in 1962 on Hell's Creek, Alberta (Van Dine, 
1984). Debris torrents in western Canada have been described by Broscoe and Thompson 
(1969), Evans and Lister (1984), Lister et al (1984), Nasmith and Mercer (1979), Thurber 
Consultants (1983), Van Dine (1985). 
Debris torrents are well known in some other parts of the world. In Japan an average 
of ninety deaths are caused annually by debris torrents, and potential debris torrent creeks in 
settled areas number 63,000 (Watanabe, 1981 in Van Dine, 1985). Debris torrents commonly 
occur in alpine areas of Switzerland, Austria, Italy, France, Yugoslavia, and in the western 
United States (Innes, 1983; Eisbacher, 1982a; Owens, 1989; Pack, 1982; Ward and O'Brien, 
1980). 
In recent years, debris torrents have damaged urban settlements and transportation routes 
in southwestern British Columbia and fish habitats in the Queen Charlotte Islands (Poulin, 1981, 
1984; Thurber Consultants, 1983; Van Dine, 1984). These events have resulted in economic 
losses, destruction of property, transportation delays and loss of human life. Because of the 
havoc created by debris torrents, it is expedient to understand factors which may contribute to 
their occurrence so that planners may use this information to avoid or reduce future hazards. 
It has been suggested by Bovis and Dagg (1987) that lithology of jointed plutonic rocks 
occurring on steep mountain slopes predispose a channel to debris torrents because rockfalls and 
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-debris slides from these slopes produce large boulders. Because of their size, the boulders are 
not easily transported during normal rainfall events and thus accumulate in the stream channel 
as a potential source of debris for debris torrents during prolonged or intense rainfall. In 
contrast, failures in sedimentary, volcanic, and most metamorphic rocks commonly produce 
smaller clasts that are more readily transported during normal stream discharge. Consequently 
these clasts do not commonly accumulate as debris in steep channels and the channels are hence 
less prone to debris torrents. 
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CHAPTER 2 DEBRIS TORRENTS 
2.1 DEFINITION AND DESCRIPTION 
A debris torrent is a viscous fluid of predominantly coarse inorganic and organic debris 
with water flowing rapidly down a steep confined channel. It has a bouldery front followed by 
a less dense mid-section and tail (Eisbacher and Clague, 1984; Hungr et al, 1987; Innes, 1983; 
O'Kuda, 1978; Van Dine, 1985). In some parts of the world the tail consists of an afterflow of 
fine grained sediments of clay, silt and sand, (Hungr et al, 1987) but in the study area the tail 
is usually gravel with a few large boulders (Thurber Consultants, 1983). 
The most distinctive characteristic of a debris torrent is the coarse texture of the 
incorporated debris and a lack of silt and clay. Debris torrents can be considered to be one end, 
and mudflows the other end, of a continuum of flows incorporating various amounts of water 
and materials ranging from boulders to sand, or silt and clay, and large organic debris (Costa 
and Baker, 1981). Unlike slower-moving debris flows and mudflows which flow on lower 
gradients, cohesive materials are relatively unimportant in the water-debris mixture of torrents 
(Church and Desloges, 1984; Costa, 1984; Dagg, 1987; Johnson and Rodine, 1984; Miles and 
Kellerhals, 1981 ). 
In the study regions, debris torrents consist primarily of coarse inorganic, and large 
organic material with water. The inorganic component includes boulders, and blocks up to 6 
m in diameter (Hungr, et al, 1987; Thurber Consultants, 1983). The organic debris constitutes 
up to 60% of the volume of solid matter in the flow (Church and Miles, 1987; Hungr et al, 
1984; Thurber Consultants, 1983; Van Dine, 1984, 1985) and ranges from humic soil, mulch and 
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plant parts to whole trees several tens of metres long and up to one metre in diameter (Church 
and Miles, 1987; Thurber Consultants, 1983; Van Dine, 1984). In the Howe Sound and Cheam-
Wahleach areas the finer inorganic material ranges from sand to gravel and cobbles with little 
silt or clay (Church and Miles, 1987; Hungr et al, 1987; Van Dine, 1985) and may be intermixed 
with wood mulch (Thurber Consultants, 1983; Van Dine, 1985). 
2.2 TERMINOLOGY 
A debris torrent is one particular kind of debris flow. Usage of the term "debris torrent" 
is relatively recent. In North America Swanston (1974) introduced the expression to distinguish 
between debris flows on open hillslopes and those in confined channels. In the past, torrents 
have been referred to as debris flows (Nasmith and Mercer, 1979; Takahashi, 1981; Varnes, 
1978), mountain debris flows (Zaruba and Mencl, 1982), channelized debris flows (Evans, 1982), 
and valley-confined flows (Brunsden, 1979; Innes, 1983). Until recently debris torrents have not 
been distinguished from mudflows, mudslides, water floods, debris slides and debris avalanches 
(Van Dine, 1985). "Debris torrent" is a preferred designation along the Pacific Coast (Church 
and Miles, 1987; Hungr et al, 1987), however this usage is by no means universal in this region 
as Hungr et al (1987) use "debris flows" instead of "debris torrents". The lack of universality 
in terminology creates serious interpretative problems when reviewing the literature and in 
defining the event in the field, and thus reduces the efficiency of planners in mitigating debris 
torrent hazards. 
4 
2.3 FACTORS CONTROLLING DEBRIS TORRENT OCCURRENCE 
Debris torrents are controlled by several, interrelated climatic, geologic and geomorphic 
factors (Bovis and Dagg, 1987; Swanston and Swanson, 1976; Takahashi, 1981). These are a 
steep confined channel, a triggering mechanism, usually rainfall, and an available supply of 
coarse inorganic debris (Church and Miles, 1987; Dagg, 1984; Dagg and Bovis, 1987; Thurber 
Consultants, 1983; Van Dine, 1985). Of these factors, the chief control is the availability of 
coarse debris. The coarseness of the material is controlled by bedrock lithology. 
2.3.1 Weather 
Rainfall is probably the chief trigger of debris torrents. Most torrents in British 
Columbia are associated with moderate to heavy but not unusually heavy rainfall which is 
typical of British Columbia coastal regions during winter (Church and Miles, 1987: Schaefer, 
1980; Thurber Consultants, 1983). Debris torrents have been observed during locally 
concentrated intense rainfall, widespread moderate rainfall, and heavy rainfall coinciding with 
snowmelt, none or little snowmelt, and high antecedent soil moisture, and thawing ground. No 
specific event or combination of events has been noted which will invariably produce a debris 
torrent (Church and Miles, 1987). 
Intense precipitation produced by local convective cells imbedded within storm systems 
(Church and Miles, 1987; Sporns, 1962) may act as a trigger for torrents (Bovis and Dagg, 1987; 
Church and Desloges, 1984; Van Dine, 1985). In Japan, investigations have shown that 
initiation of debris torrents coincide with rainfall intensity (Takahashi, 1981 ). Lack of 
continuous rainfall recorders at or near torrent initiation zones in western Canada has hindered 
investigations of quantitative relations between rainfall intensity and torrent events (Church and 
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Miles, 1987). Recent studies (Church and Desloges, 1984; Church and Miles, 1987) conclude 
that in southwestern British Columbia no simple correlation exists between amounts or intensities 
of rainfall and debris torrent events. There may be a lower limit threshold of rain intensity-
duration for debris torrent initiation but this level has not yet been established because of the 
wide range of antecedent hydrometeorlogical circumstances and various geomorphological 
conditions which exist in this region (Caine, 1980; Church and Desloges, 1984; Innes, 1983). 
2.3.2 Topography 
Debris torrents are restricted to steep, confined channels (Church and Desloges, 1984). 
The longitudinal profile of the debris torrent channel may be divided into three zones: initiation, 
transportation/erosion and deposition (Church and Desloges, 1984). The minimum gradient 
necessary for initiation of a debris torrent generally exceeds 25 (Church and Desloges, 1984; 
Eisbacher and Clague, 1981, 1984; Fuxjager, 1975; Smith and Hart, 1982; Van Dine, 1984). 
The channel transportation/erosion zone is steeper than 15 and the deposition zone is less than 
10 (Church and Desloges, 1984; Thurber Consultants, 1983; Van Dine, 1985). 
2.3.3 Lithology 
The most essential geomorphological factor for debris torrent occurrence is the 
availability of coarse debris in the stream channel (Bovis and Dagg, 1987; Church and Desloges, 
1984; Dagg, 1987; Van Dine, 1985). The coarseness, or size of debris in the channel is 
controlled by the lithology of the adjacent slopes from which the debris is derived (Figure 2.3.3). 
Bedrock lithology controls the coarseness of debris in the channel by determining the 
spacing of joints and bedding planes along which failures occur. Widely spaced joints occur in 
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LITHOLOGY 
Plutonic. Occasionally sedimentary, 
metamorphic 
Sedimentary, metamorphic 
Sedimentary, volcanic, metamorphic 
~, 
BEDROCK 
Widely spaced joints, massively bedded 
Thinly bedded, foliated 
Densely jointed 
~, 
WEATHERING PROCESSES 
Frost shattering 
Hydration 
Hydrolysis 
~, 
MASS MOVEMENTS 
Rockfalls, rockslides, rock avalanches 
Debris slides into channels, snow avalanches 
~, 
DEBRIS DEPOSITS 
Talus cones, rock, t.mconsolidated debris 
~, 
TEXTURE 
Coarse debris: sub-angular to angular boulders 
to pebbles to gravel and sand 
Fine debris: boulders to silt and clay 
~, 
FLOW TYPES 
Debris torrent 
Debris flow 
Figure 2.3.3 Role of lithology in formation of debris torrents 
and debris flows. 
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plutonic rock and failure produces clasts up to 6 m in diameter in the study region. Sedimentary 
rocks are commonly thinly bedded and metamorphic rocks have foliations and schistosities. 
Sedimentary, volcanic and metamorphic rocks are often densely jointed. In the study region, 
failure along these bedding planes, schistosities or joints produces clasts up to 2 m in diameter. 
Because of their relative small size, these clasts tend to be transported during normal stream 
discharge in steep channels. In contrast the larger clasts are not readily transported during 
normal stream discharge and thus tend to accumulate in the channel and form an available debris 
supply. In Howe Sound, debris torrents often scour the stream channel. Scouring reduces the 
risk of another torrent until another supply of debris accumulates (Thurber Consultants, 1983). 
Slope failures in the study regions are due primarily to mechanical weathering, 
particularly frost shattering and hydration, and to hydrolysis. Prolonged rainfall results in 
increased pore water pressure along bedding and joint planes causing failure (Bovis and Dagg, 
1987). The weathered material falls directly into the stream channel or forms talus cones and 
debris deposits. Mass movements deliver debris from the slopes to the stream channels (Bovis 
and Dagg, 1987; Dagg, 1988). 
Slope failures triggering debris torrents may originate in surficial materials. Surficial 
materials in pre-existing, v-shaped ravines or gullies are particularly prone to failure (Moser, 
1973; Swanston, 1969; Stimi, 1931) and the resulting scars may develop into major debris 
sources (Bunza et al, 1976; Schauer, 1975; Stime, 1931). During debris torrents surficial 
material on steep stream banks often fails and contributes additional debris to the torrent. 
Disturbances due to deforestation and road construction may reactivate long-dormant ravines, 
gullies and incipient slumps (Eisbacher and Clague, 1984). Windthrow and logging activities 
8 
provide organic material to the channel debris (Bell and Swanston, 1973; Dryness, 1967; 
Froehlich, 1973; Krag et al, 1986; Swanson and Lienkaemper, 1978; Wu and Swanston, 1980). 
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CHAPTER 3 OBJECTIVES AND METHODOLOGY 
3.1 OBJECTIVE OF STUDY 
Bedrock lithology, which influences the coarseness of debris on the mountainside, exerts 
a control on the occurrence of debris torrents. The objective of this study is to consider the 
lithology of the debris and its significance in debris torrent occurrence within and between three 
regions of British Columbia that are prone to debris torrents. A theory of Bovis and Dagg 
( 1987), that channels on plutonic rocks occurring on steep mountain slopes are predisposed to 
debris torrents, is examined within this context. 
3.2 METHODOLOGY 
There are three variables that control debris torrent occurrence: weather, specifically 
rainfall as a trigger, topography, specifically slope; and an available supply of coarse debris. 
The coarseness of debris supply is controlled by lithology. 
The methodology consists of the following: 
(i) Identification of weather, topographic and lithologic characteristics of the study 
regions. 
(ii) Comparison of weather and topography. Similarities are established and held 
constant between the three study regions. 
(iii) Comparison of lithology within and between regions. 
10 
3.3 SELECTION OF STUDY AREAS 
(i) Selection of regions 
Debris torrents have occurred in many regions of British Columbia but most have 
been subject to little research and/or data collection. Rationale for selection of the three study 
regions, Howe Sound, Cheam-W ahleach, and the Queen Charlotte Islands, was based on data 
availability from previous research and/or field investigations. The Howe Sound region has been 
the subject of extensive geologic and engineering field surveys and has more available data than 
the other two areas. The Cheam-Wahleach region has been the subject of many field 
investigations prior to construction of the new Trans-Canada Highway. Many field 
investigations have been carried out on flows described as debris torrents in the Queen Charlotte 
Islands and various types of data are available. 
(ii) Selection of debris torrent channels within regions 
The paucity, inconsistency and conflicting nature of the data for debris torrent 
initiation sites severely limits the choices of study channels and precludes the option of using 
a random sample and statistical methods for comparison. 
The criterion for selection of study sites from the total number of channels subject to 
debris torrents in the study regions was the amount of lithological data available. Four sites 
were selected in the Queen Charlotte Islands, four in Howe Sound, and 12 in the Cheam-
Wahleach region. 
More channels were studied in Cheam-Wahleach than in the other study regions because 
all channels experienced torrents in 1983, 1984, or both, and similar lithologic data to that 
available for the particular channels in other regions was unavailable. A decision to study fewer 
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channels in Cheam-Wahleach would have necessitated a random choice of channels for study 
sites. This approach did not seem appropriate since study sites in Howe Sound and the Queen 
Charlotte Islands are not chosen randomly but on the basis of available data. 
3.4 DAT A COLLECTION 
3.4.1 Sources 
Data were collected from published and unpublished reports of other researchers, 
topographic and geologic maps, and aerial and ground photographs. No field work was 
conducted. 
Data for study sites in the Queen Charlotte Islands were obtained from a research report 
on mass movements (Krag et al, 1986) prepared for the Fish Forestry Interaction Program 
(FFIP). The four sites selected were the ones described in most detail. General regional 
geology was obtained from Sutherland-Brown (1968), and from new mapping surveys by the 
Geological Survey of Canada (GSC) (Thompson et al., unpublished). 
In Howe Sound, many debris torrents have been investigated and reported on by various 
researchers (Bovis and Dagg, 1987; Church and Desloges, 1984; Dagg, 1981; Thurber 
Consultants, 1983). The channels chosen were those with the most lithologic data. General 
geology of the area was obtained from Roddick and Woodsworth (1979). 
In the Cheam-Wahleach region, geologic data were obtained from the most recent (GSC) 
map (Monger, unpublished). Although some general lithologic data were extracted from field 
trip reports, especially Thurber Consultants (1985), specific data for particular stream channels 
were unavailable except for Ted Creek. 
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3.4.2 Data Reliability 
Problems were experienced in obtaining specific lithologic data for particular debris 
torrent initiation zones. Existing reports were sometimes inadequate because locations of sites 
discussed were not identified on topographic or geologic maps, and lithologic terminology was 
sometimes misused or confused. To clarify the report contents occasional follow up interviews 
had to be conducted with the writer or researchers, most of whom had assumed the reports were 
written for in-house use only. Data found on geologic maps did not always show specific 
lithology for the study sites. When specific data was shown, it sometimes conflicted with field 
notes and research reports. Inconsistent use of the term "debris torrent" in the literature made 
selection of "debris torrent channel" study sites difficult (See Section 3.3, (ii)). The 
interpretation of data became more problematic with the realization that there is no universally 
accepted definition of the term "debris torrent". 
3.5 THE STUDY REGIONS 
One of the study regions lies within the Coast Mountains, one within the Cascade 
Mountains, and one within the Insular Mountains of the Queen Charlotte Islands (Figure 3.5) 
(Holland, 1964). Topography is similar between the three regions, which all have steep slopes 
dissected by streams. In general the bedrock of the study regions is plutonic and volcanic rock, 
with some sedimentary and metamorphic rocks. All regions were glaciated during the 
Pleistocene and a mantle of glacial drift covers most of the regions at lower elevations. Steep 
upper slopes are bare in the Howe Sound and Cheam-Wahleach regions. 
Weather of the Coast, Cascade and Insular Mountains is similar. All of the regions are 
subject to frequent frontal storms, especially during winter, which originate in the Gulf of Alaska 
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or the Pacific Ocean. Most precipitation occurs during winter as moderate to heavy rainfall 
except at higher elevations which usually experience snow. Intensity and amounts of 
precipitation vary locally according to exposure and elevation. Locally intense precipitation due 
to convective cells embedded within frontal storms may be associated with debris torrent 
occurrence, at least in Howe Sound and Cheam Wahleach regions (Church and Miles, 1987; 
Sporn, 1964 ). Freezing levels fluctuate diurnally and seasonally with synoptic patterns. 
Snowpacks, even at higher elevations, are sometimes transient because of temperature changes. 
During warming trends heavy rainfall may coincide with rapid snowmelt to prcxluce increased 
runoff and high discharge. 
15 
CHAPTER 4 QUEEN CHARLOTIE ISLANDS 
There are four study sites in the Queen Charlotte Islands, Sachs Creek, South Bay Dump 
Creek, Riley Creek and Bonanza Creek (Figure 4.1 ). The first two are located within the Queen 
Charlotte Ranges, the latter two are within the Skidegate Plateau near Rennell Sound. 
4.1 PHYSIOGRAPHY AND WEATHER 
Slopes of the Queen Charlotte Ranges rise steeply up to 1000 m above sea level with an 
average gradient of 30 . Flat-topped ridges of the Skidegate Plateau are separated by deep 
valleys. Steep slopes rise 800 m above Rennell Sound. Bedrock of the Queen Charlotte Ranges 
is primarily volcanic and sedimentary rock interspersed with plutonic rock. The Skidegate 
Plateau is generally underlain by gently dipping and flat lying lavas and sedimentary rocks 
(Sutherland-Brown, 1968). Bedrock on mid-slopes are generally overlain by a colluvial veneer 
and bedrock on upper slopes are generally overlain by a morainal veneer (Alley and Thompson, 
1978; Townshend, 1979). Tectonics have influenced the formation of the physiographic regions. 
During the Fraser Glaciation, mountain and plateau areas were extensively modified, creating 
many glacial landforms including cirques, hanging valleys and deep U-shaped valleys 
(Sutherland-Brown, 1968). 
The Queen Charlotte Islands have a temperate maritime climate. At sea level stations, 
mean monthly temperatures vary between 1.2 C and 3.6 C during January and between 13.2 C 
and 14.5 C in July. The Islands lie unprotected in the path of frequent cyclonic storms moving 
southeast from the Gulf of Alaska. Most monthly precipitation (70% to 80%) and highest daily 
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precipitation amounts occur between October and April. Mean annual precipitation is highest 
(4500 mm) along the west coast due to intense orographic uplift, and decreases gradually across 
the leeward slopes of the Skidegate Plateau. Maximum rainfall intensity reflects the same west-
east geographical pattern as mean annual precipitation. The winter snowline lies between 500 
m and 700 m elevation (Karanka, 1986). 
4.2 STUDY SITES 
4.2.1 South Bay Dump Creek 
A debris torrent was triggered by a debris slide which travelled down a gully to South 
Bay Dump Creek (Figure 4.2.1) where it was transformed into a debris torrent. The debris slide 
was initiated by a slope failure on a 36 gully sideslope in a pebble cobble conglomerate 
overlain by a thin sandy-gravelly colluvial veneer (Krag, et al, 1986). The conglomerate in the 
initiation zone is moderately to highly weathered, weakly bedded, and densely jointed. The 
cause of failure was attributed to overloading steep slopes with sidecast material during 
construction of a logging road (Krag, et al, 1986). 
4.2.2 Sachs Creek 
A debris torrent in August, 1983 was triggered by a debris slide (Figure 4.2.2). The 
debris slide travelled approximately 20 m downslope entering a steep 27 confined, v-notch gully 
where it was transformed into a debris torrent eventually reaching Sachs Creek (Kragg et al, 
1986). The debris slide was initiated by a slope failure thought to have been triggered by heavy 
rainfall (Krag, et al, 1986). 
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The slope failure occurred in two sections in a convex depression on a 25 slope. The 
lower part initiated in smooth, outsloping, soft pebble conglomerate with a coarse arkosic 
sandstone matrix, and the upper part in a wet, sandy, morainal blanket overlain by a sandy 
colluvial veneer. Weathered sandstone and shale outcrop above the headscarp (Kragg et al, 
1986). 
4.2.3 Riley Creek 
A debris torrent was triggered by two debris slides which travelled downslope to Riley 
Creek where they were transformed into a debris torrent (Figure 4.2.3). The debris slides were 
initiated by two separate slope failures occurring in a convex slope depression of a gully. 
Gradients of the headwall were between 52 and 55 , and in the sidewall, 31 (Kragg et al., 
1986). Bedrock at the first failure was described by Krag et al. ( 1986) as a "massive to slightly 
jointed, moderately weathered greenish aphanatic groundmass with white phenocrysts", and is 
probably a porphyritic andesite. Bedrock at the second failure is greenish, aphanatic andesite 
(Krag et al., 1986). 
4.2.4 Bonanza Creek 
A debris torrent was triggered by a debris slide which travelled about 75 m down an 
open slope, across a small bench, down a gully and into Bonanza Creek (Figure 4.2.4) where 
it was transformed into a debris torrent. The debris slide was initiated by a slope failure 
occurring in the mid-section of a 35 to 39 convex depression. 
The slope failure occurred in slightly folded and interbedded, dark and light argillite and 
limestone which were extensively jointed and highly weathered (Krag et al., 1986). The bedrock 
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is overlain by a pebbly colluvial veneer overlying a thin (10 cm) layer of compact, silty-clay till. 
A thin morainal veneer covers bed.rock in the headscarp area and shallow to deep colluvium 
occurs on valley walls (Krag et al., 1986) 
4.3 DISCUSSION AND SUMMARY 
4.3.1 Weather 
Documentation linking slope failures and debris torrents in the study sites with heavy 
rainfall was only available for Sachs Creek. Weather conditions at the time of the other debris 
torrents could probably be ascertained if the date of their occurrence was known. It is probable 
that, because the Queen Charlotte Islands lie unprotected in the path of frequent frontal storms, 
and because of the high annual precipitation and likelihood of local, high intensity rainfall in the 
Islands, that occurrence of most debris torrents is associated with precipitation. 
4.3.2 Topography 
Slopes on which failures occurred range between 25 and 55 . Failure occurred in Sachs 
Creek on a 25 slope, in South Bay Dump Creek on a 36 gully sideslope, in Riley Creek on 
a 52 to 55 headwall and 31 sidewall, and in Bonanza Creek in a 35 convex depression. 
4.3.3 Lithology 
Bedrock failure in the initiation zones of the four channels examined occurred in volcanic 
and sedimentary rock. Failures occurred in andesite, at Riley Creek, in interbedded argillite and 
limestone at Bonanza Creek, and in conglomerates at South Bay Dump Creek and Sachs Creek. 
Weathering of these rocks produces clay to silt to sand to gravel and cobbles generally ranging 
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in size from 0.2 m to 0.7 m (Ollier, 1984). Characteristically, slip planes in the Queen Charlotte 
Islands occur at the interface between bedrock and the weathered till or colluvium, but material 
transported by the debris torrents would consist of fine material whether derived from the 
sedimentary or volcanic bedrock, and/or surficial material. Conglomerates such as those which 
failed at South Bay Dump and Sachs Creek, weather at the clast contact with the matrix. The 
matrix, which is primarily sand, weathers far more rapidly than the clasts which it cements 
together. Once the matrix disintegrates the structural support for the conglomerates collapses. 
The conglomerate matrix at the failure site in Sachs Creek watershed is arkosic sandstone which 
contains more feldspar than quartz-bearing sandstone and consequently is more susceptible to 
chemical weathering (Ollier, 1984). 
Bedding and joint planes are common sites of weathering in stratified rocks such as the 
argillite and limestone beds in Bonanza Creek and the andesite in Riley Creek. The black 
argillite found in the initiation zone of the debris torrent in Bonanza Creek is thinly-bedded and 
laminated. The rock commonly splits along its bedding planes and breaks up into small angular 
particles. It is highly jointed and intra-bed joints cause blocky outcrops (Sutherland-Brown, 
1968). The limestone is subject to mechanical weathering and to chemical dissolution especially 
along bedding and joint planes. 
Andesite, found in the failure zone of Riley Creek has moderately spaced joint planes, 
and is moderately acidic. Weathering first attacks along joint planes and this leads eventually 
to spheroidal weathering (Oilier, 1984). 
Volcanic and sedimentary rocks generally weather to fine material ranging from silt and 
clay to sand to pebbles and cobbles with few boulders. Although there is no visual account of 
the size of material contained in the debris torrents it seems likely the texture would be relatively 
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fine reflecting the bedrock from which it was derived. If the distinguishing characteristic of a 
debris torrent is the pre-dominance of large boulders, it is possible that these flows are not debris 
torrents. 
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CHAPTER 5 HOWE SOUND REGION 
There are twenty-six debris torrent prone creeks in the Howe Sound region. Of these, 
four have been selected for study, Alberta Creek, M Creek, Charles Creek, and Newman Creek. 
All of the study creeks experience recurring debris torrents. The debris torrent described for 
each creek channel is an example of one of these events. 
5.1 PHYSIOGRAPHY AND WEATHER 
Howe Sound is a fiord which extends 50 km north of the Gulf of Georgia, near 
Vancouver. Within 3 km of its eastern shoreline mountain slopes rise steeply to 2500 m asl. 
The study region geology (Figure 5.1) consists primarily of plutonic and volcanic rocks (Roddick 
and Woodsworth, 1979). The plutonic rocks are predominately granodiorite, quartz diorite and 
diorite, intruded into a variety of sedimentary and volcanic rocks (Eisbacher, 1983; Roddick and 
Woodsworth, 1979). Volcanic rocks consist of andesite to rhyodacite flows, pyroclastics and 
greenstone. The plutonic rocks are bare or thinly mantled with basal till overlain by loose 
colluvium or ablation till (Clague, 1981; Dagg, 1987). 
The location and orientation of debris torrent channels and major bedrock cliffs is 
controlled primarily by fracture zones that trend northeast, and by northwest trending 
metamorphic foliation (Church and Hungr, 1988). The plutonic rocks are widely jointed, 
fractured, faulted, and often form high rock cliffs (Bovis 1982). Headwaters of many creeks are 
in glacial cirques, remnants of the Fraser Glaciation. 
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Rockslides and rockfalls usually occur from high cliffs of well-jointed diorite, often 
found near the contact of plutonic and volcanic rocks. The rockslides and rockfalls may initiate 
debris torrents and are the source of large boulders and blocks up to 6 m in diameter. Due to 
the large size of the clasts, they are not commonly transported by average stream discharge and 
thus are often stored in creek channels. The potential for rockfalls and rock slides is greater 
during prolonged rainfall because of the progressive build-up of joint and pore water pressure 
(Bovis and Dagg, 1987). Mass movements in volcanic and sedimentary material have only been 
known to occur where slopes have been over-steepened from logging road construction (Dagg, 
1987). Clasts from volcanic and sedimentary bedrock tend to be smaller because failure occurs 
from the thinly bedded planes. In steep channels these clasts are usually transported by average 
stream discharge and hence do not accumulate in the stream channel. Failures also occur in 
surficial material. In one instance a colluvium failure in a v-notched gully is thought to have 
triggered a debris torrent. Undercutting of streambanks by a debris torrent as it flows down the 
stream channel is common, causing failure in the surficial material and contributing additional 
material to the torrent. 
Monthly averages for mean daily temperatures at sea level range from 3 C in January 
to 17 C in July (Church and Hungr, 1988). Average total annual precipitation is 1250 mm at 
sea level (Point Atkinson station) and increases to 3,000 mm at 1000 m elevation (Hollyburn 
Ridge station) (Church and Hungr, 1988; Schaefer, 1983). Up to 30% or more of this total may 
fall as snow above 1000 m (Church and Desloges, 1984; Church and Hungr, 1988). Periods of 
heaviest precipitation tend to occur between October and January or February (Church and 
Desloges, 1984; Church and Hungr, 1988). Freezing levels within a storm may fluctuate as 
much as 2000 m (Church and Desloges, 1984; Church and Hungr, 1988; Schaefer, 1983), 
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causing snowmelt and snow avalanches which may combine with heavy rainfall to trigger debris 
torrents. 
5.2 STUDY SITES 
5.2.1 Alberta Creek 
There have been at least three debris torrents in Alberta Creek (Figure 5.2.1) since 1932. 
The most recent torrent, which is discussed here, occurred on February 11, 1983, and appeared 
to be triggered by a wet snow avalanche originating on slopes > 40 above 700 m. It surged 
over a 6 m waterfall and a logging road bridge at 650 m elevation mobilizing the coarse debris 
stored in the downstream channel and transforming it into a debris torrent. The debris stored 
in the channel prior to the 1983 torrent was deposited by a 1982 debris torrent and consisted of 
blocks and boulders ranging from 0.2 m to 2.0 m in diameter, weighing up to 10 tonnes, logs 
up to 5 m in length and 0.5 m in diameter, and coarse material from logging road sidecast. The 
1983 torrent eroded stream banks and scoured the channel bed (Church and Desloges, 1984; 
Thurber Consultants, 1983). The avalanche occurred in an area underlain by quartz diorite 
overlain by thin till and colluvium (Roddick and Wcxxlworth, 1979). 
Prior to the 1983 debris torrent typical winter weather prevailed in the region. For 
several days prior to the torrent there was heavy, but not unusually heavy, nor unusually intense 
rainfall. During the night of February 10 to 11, freezing levels rose from 400 m to almost 2000 
m and significant snowmelt occurred (Church and Miles, 1987; Schaefer, n.d.). 
Alberta Creek watershed is underlain by quartz diorite and andesite. Quartz diorite 
occurs above 300 m elevation and is overlain by a till and colluvium veneer. Below 300 m 
elevation, glacio-fluvial sands and gravels overlie andesite to rhyodacite flows (Roddick and 
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Woodworth, 1979; Thurber Consultants, 1983). Rockfalls, rockslides and debris slides 
originating in the disintegrating quartz diorite actively contribute large boulders and organic 
debris to be stored in the stream channel. It is these large clasts which were stored in the creek 
channel and mobilized by the 1983 avalanche into a debris torrent. An absence of the large 
debris in the channel would eliminate the possibility of a debris torrent. 
5.2.2 M Creek 
The only known debris torrent in M Creek (Figure 5.2.2) occurred October 28, 1981 and 
was thought by Church and Desloges (1984), and Hungr (personal communication to Dagg, 
1987) to have been triggered by a small debris slide which travelled down a gully to M Creek 
where it mobilized accumulated channel debris transforming it into a debris torrent. The debris 
slide was initiated by a failure in colluvium located in a depression of a 30 v-shaped gully 
about 160 m upslope from the creek at 1150 m elevation. The gully appears to be fault 
controlled (Dagg, 1987). At the head of the gully a 60 to 80 highly fractured, quartz diorite 
cliff actively contributes coarse debris directly into the creek and may have contributed debris 
to the 1981 event (Dagg, 1987). Debris in the torrent ranged from angular to subangular gravel 
to boulders up to 2 m in diameter. Occasional logs and forest debris were also present (Thurber 
Consultants, 1983). 
Four major talus and rockfall areas contribute debris to the creek channel (Dagg, 1987), 
including fractured quartz diorite from the cliff above the colluvium failure. Two rockfall and 
rockslide debris sources originate at approximately 1000 m elevation, and enter the main stream 
and a tributary channel at about 850 m elevation. Talus at about 1200 m elevation is the fourth 
major source (Dagg, 1988). These rockfalls and the talus deposits are derived from failure along 
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widely spaced joints in quartz diorite cliffs between 900 m and 1200 m elevation. The clasts 
are up to 6 m in diameter and often fall directly into the creek contributing to the debris stored 
in the channel (Dagg, 1988). 
Weather conditions prior to the torrent event were not unusual. There were several 
storms none of which prcxluced unusually heavy or intense rainfall and there was little snow 
even at higher elevations. In contrast, precipitation immediately after the event was unusually 
heavy and intense (Church and Miles, 1987), yet did not prcxluce another torrent, probably 
because the torrent had scoured the channel of all coarse debris. 
5.2.3 Charles (Strachan #2) Creek 
Debris torrents have occurred six times in Charles Creek (Figure 5.2.3) within the past 
25 years. The most recent event, discussed here, occurred November 15, 1983. The trigger for 
this debris torrent is not explicitly stated in the literature but it appears that locally intense 
rainfall mobilized an abundance of debris stored in the steep channel, transforming it into a 
debris torrent (Church and Desloges, 1984; Church and Miles, 1987; Thurber Consultants, 1983). 
The channel gradient averages 27 above the fan and 45 at the source elevation. 
The torrent consisted of large organic and inorganic debris. Clasts ranged from sandy 
gravel to sub-angular boulders having an average diameter of 1 m to 3 m (Thurber Consultants, 
1983). The size and texture is similar to debris observed in the channel in November, 1982 by 
Thurber Consultants (1983) consisting of loose, angular to subangular to subrounded rock 
fragments and boulders, ranging in size from 0.3 m to 2 m and occasionally reaching 6 m in 
diameter, and log debris (Church and Desloges, 1984; Thurber Consultants, 1983). 
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Figure 5.2.3 General bedrock geology and slope failure site, 
Charles Creek (Church and Desloges, 1984; Church 
and Miles, 1987; Roddick and Woodsworth, 1979; 
Thurber Consultants, 1983) 
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The bedrock underlying Charles Creek watershed is quartz diorite except for a narrow 
band of gneiss and schist between 300 m and 400 m elevation (Roddick and Woodworth, 1979; 
Thurber Consultants, 1983). The major debris source is rockfalls from steep, rapidly weathering 
quartz diorite cliffs. The debris enters the channel above 500 m where the creek follows a 
northeast trending fracture zone. Between 360 m and 400 m elevation the creek flows through 
a bedrock canyon. The southern canyon wall is an active slide area contributing angular blocks 
with an average diameter of 0.5 m to the stream channel. The rockfalls and rockslides 
contribute large clasts to the stream channel and rock and log jams occur in places (Church and 
Desloges, 1984; Church and Miles, 1987; Eisbacher, 1983; Thurber Consultants, 1983). 
Typical coastal fall-winter weather prevailed at the time of the event. A sequence of 
storms yielded measurable, but not unusually heavy precipitation every day of November prior 
to the debris torrent (Church and Miles, 1987). On November 15 there was 130 mm of rain 
with a return period of four years which is symptomatic of locally intense rainfall. Soils were 
saturated and pore water pressure was high due to the long period of rainfall. Freezing levels 
remained relatively stable so snowmelt was not a factor (Church and Miles, 1987). 
A greater number of known debris torrents have occurred in Charles Creek than in other 
creeks of the study area. This phenomena is related to cliffs of rapidly weathering quartz diorite. 
Much of the quartz diorite, especially at higher elevations, form steep, highly jointed cliffs and 
stream channel sidewalls. The quartz diorite is actively disintegrating along its joints 
contributing boulders ranging in diameter from 0.5 m to 6.0 m to the stream channel. Because 
of this rapid weathering, the supply of large clasts to Charles Creek is greater and more 
continuous than in the other creek channels. Hence more rapid accumulation occurs in the 
Charles Creek channel than in the other creek channels. The large supply of clasts stored in the 
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channel may be mobilized by a triggering mechanism and transformed into a debris torrent 
Thus the relatively continuous supply of large clasts to the channel make Charles Creek more 
prone to debris torrent occurrence than other channels in the study region (Thurber Consultants, 
1983). 
5.2.4 Newman Creek 
Several debris torrents have occurred in Newman Creek (Figure 5.2.4). The February 
11, 1983 debris torrent is described here as an example of torrents occurring in this channel. 
This torrent appears to have been triggered by a snow avalanche, landslide, or both, which 
travelled downslope into the creek, mobilizing stored debris and transforming it into a debris 
torrent (Thurber Consultants, 1983). The snow avalanche and slide were thought to have been 
initiated by increased runoff associated with rainfall accompanied by snowmelt. Observations 
by Thurber Consultants (1983) immediately after the event showed a recent landslide scar on 
an approximately 42 side slope north of the main channel at 1000 m elevation. Evidence of 
a snow avalanche occurring on a 29 side slope of the tributary at 1000 m elevation was also 
observed. During the 48 hours prior to the event the area received 100 mm of rainfall 
accompanied by rising freezing levels (Van Dine,1985). Debris in the torrent consisted primarily 
of boulders averaging 0.6 m in diameter but with some up to 2.5 m in diameter and little organic 
material (Thurber Consultants, 1983; Van Dine, 1985). 
The Newman Creek watershed is underlain by quartz diorite and granodiorite above 400 
m elevation. Below 400 m elevation, andesite and rhyodacite predominate. In the lower 
watershed bedrock is overlain by till or till and colluvium, and in the middle areas by till and 
colluvium (Rcxidick and Wocxiworth, 1979; Thurber Consultants, 1983). In the creek headwaters 
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and upper watershed, slopes are bare. Sources of debris exist along most of the channel reaches. 
There is an extensive area of gullies and debris slides in the headwater area where the gradient 
is 42 (Church and Desloges, 1984; Thurber Consultants, 1983). 
Debris stored in the channel, is abundant especially below 370 m. It consists of 
subrounded to subangular boulders ranging in size from 0.5 m to 4 min diameter. Rock jams 
3 m to 5 m high are common (Church and Desloges, 1984; Thurber Consultants, 1983). 
5.3 DISCUSSION AND SUMMARY 
Debris torrents in the four study channels were triggered by a wet snow avalanche in 
Alberta Creek, by a debris slide initiated by a colluvium failure in M Creek, by locally intense 
rainfall in Charles Creek, and by a snow avalanche, landslide, or both in Newman Creek. There 
was a significant supply of large debris stored in each channel prior to the debris torrent. 
5.3.l Weather 
Rainfall during the periods these debris torrents occurred was not unusual for fall and 
winter (Church and Miles 1987). During the Charles and Newman Creek torrent events, rainfall 
amounts and return periods suggest these channels were subject to locally intense rainfall not 
recorded outside the local area. An extremely wet month preceded the 1983 torrents in Alberta 
and Newman Creeks, saturating the soil and producing high pore water pressures and high runoff 
which could have initiated debris slides, stream bank collapse, or mobilization of channel debris 
triggering a debris torrent (Church and Miles, 1987). Prior to the February 11, 1983 torrents on 
Newman and Alberta Creeks, 48 hours of heavy rainfall was accompanied by rising freezing 
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levels, increasing snowmelt and rates of runoff. No unusual weather features were known prior 
to or during the 1981 M Creek debris torrent. 
5.3.2 Topography 
Gradients in initiation zones of the events that triggered the debris torrents range from 
29 to 57. The headscarp of the wedge failure at M Creek averaged 41 . The landslide in 
Newman Creek was initiated on a 42 slope, the snow avalanche occurred on a 29 slope, and 
continuing debris slides occur on 46 headwater slopes. In Alberta Creek watershed the snow 
avalanche occurred on a slope of >40 . Steep channel sidewalls of Charles Creek continue to 
contribute debris to a creek channel having a gradient ranging from 29 to 46 . 
5.3.3 Lithology 
The material found in the study channels and debris torrents range from sand to gravel 
to sub-angular to angular boulders ranging in size from 0.2 m to 6.0 m. The average size 
appears to be 1 m to 3 min diameter. 
The clasts reach the stream channels by rockfalls and rockslides from fractured diorite, 
quartz diorite or granodiorite cliffs which are weathering along widely spaced joints. The rocks 
accumulate as talus cones at the base of cliffs, or fall directly into creek channels and contribute 
to stored debris. Without this source of coarse debris, torrents would not occur. The supply of 
large clasts stored in the channel predispose the channel to debris torrents. A triggering 
mechanism mobilizes the large clasts and organic debris transforming them into a debris torrent. 
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CHAPTER 6 CHEAM-WAHLEACH REGION 
Several episodes of debris torrents have occurred in the Cheam-W ahleach Region. The 
debris torrents chosen for discussion in this study are the most well documented in terms of 
lithology. There are twelve creeks which experienced debris torrents in the study region 
(Figure 6.1 ). A few are named, but most are known by a designated letter and number code 
(Table 6.1 ). 
6.1 PHYSIOORAPHY AND WEATHER 
Steep slopes in the study region reach up to 2350 m in elevation. The southwestern part 
of the study area is underlain by granodiorite and the northeastern portion by Slollicun schist 
(Monger, 1990). Topography is structurally controlled by dominant northwest to southeast fault 
lines. Many slopes are bare or mantled by a veneer of glacial till and/or colluvium (Evans and 
Lister, 1983; Thurber Consultants, 1985). 
The mean daily temperature at Hope Airport at sea level seldom falls below 0 C (Thurber 
Consultants, 1985). Annual precipitation near sea level at the Agriculture Canada Research 
Station at Agassiz (15 m), averages 1719 mm (Church and Miles, 1987). The northwestern 
facing slopes are particularly susceptible to orographic precipitation. Periods of heaviest 
precipitation usually occur during the fall and winter. 
6.2 STUDY SITES 
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DEBRIS TORRENT 
CREEK 
Wl 
(Patterson) 
'W2 
W3 
W4 
(Ted) 
W6 
W7 
W9 
(McKay Hill) 
WlO 
Wll 
W12 
WlS 
W19 
YEAR OF DEBRIS 
TORRENT 
1984 
1983 
1984 
1983 
1984 
1983 
1984 
1984 
1983 
1984 
1984 
1983 
1983 
1984 
1983 
1984 
1984 
1983 
1984 
Table 6.1 Creeks and year of debris torrent occurence, 
Cheam-Wahleach Region 
(Evans and Lister, 1983; Monger, 1989; 
Thurber Consultants, 1985) 
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Debris torrents occurred in the study area on July 12, 1983 and January 4, 1984. All 
originated on northwestern facing slopes (Evans and Lister, 1983). In 1983 approximately 
eighteen debris torrents occurred on one day in eight channels all within a 4 km radius. In 1984 
eleven creek channels experienced debris torrents (Evans and Lister, 1983; Thurber Consultants, 
1985). It is thought that debris slides triggered by rainfall initiated all of the debris torrents. 
6.2.1 Study Sites and 1983 Debris Torrent 
During the 1983 event many of the channels experienced more than one debris torrent. 
Some debris torrents had multiple initiation zones. The debris torrents were triggered by debris 
slides initiated by heavy rainfall. The initiation zones of Creeks W2, W3, W4 (Ted), and W7, 
are underlain by granodiorite, and those of Creeks WlO, Wl 1, W12, and W19, are underlain by 
the Sollicun schist (Monger, 1989). The geology in the initiation zones is reflected in the 
lithology of debris in the torrent deposition zones (Evans and Lister, 1983). The texture of 
debris from initiation zones underlain by granodiorite is primarily subangular to subrounded 
boulders while that from zones underlain by schist are primarily angular to subangular (Evans 
and Lister, 1983). Clasts from both lithologic types range from 0.2 m to 4.0 m in diameter 
(Thurber Consultants, 1985; Monger, 1989). 
Creek W 4 (Ted) experienced a very large torrent and the channel was examined in detail 
after the event by Evans and Lister (1984). The torrent was initiated by four shallow debris 
slides at approximately 1100 m elevations (Evans and Lister 1984). One occurred on a 29 
slope, the others on slopes > 15 (Evans and Lister, 1983). It is unclear if the slides occurred 
in bedrock or in surficial material. 
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A prolonged wet period of high but not excessive rainfall was recorded at the Agriculture 
Canada Research Station at Agassiz, 6 km to the west, for 24 hours prior to the 1983 torrent. 
Following this, a short period of locally intense rainfall apparently triggered the debris slides 
(Church and Miles, 1987) which travelled downslope to the creek channels where they were 
transformed into debris torrents. No recording gauges were located within the study area 
(Church and Miles, 1987) but it is thought that the rainfall intensity in the study area was much 
higher than outside as similar intensities are not reflected in records at nearby weather stations 
and no debris torents were reported outside the 4 km radius. The intense rainfall was thought 
to have been generated by local convection cells embedded within the larger storm (Church and 
Miles, 1987; Thurber Consultants, 1985). It is unlikely that snowmelt was a factor in triggering 
the debris slides since they occurred in summer (Thurber Consultants, 1985). 
6.2.2 Study Sites and 1984 Debris Torrent 
Many of the creeks experiencing debris torrents in 1983 also were subjected to torrents 
in 1984. The debris torrents in 1984 were thought to have been initiated by debris slides 
triggered by rainfall. There are no eye witnesses accounts of the debris torrents. The initiation 
zones of Creeks Wl (Patterson), W2, W3, W4 (Ted), W6, and W7 are underlain by granodiorite. 
Initiation zones of Creeks W9, (Mc Kay Hill), Wll, W12, W15, and Wl 9 are in schist (Monger, 
1989). It is probable that debris in the torrent was similar to that now stored in the channel 
consisting of sub-angular to angular cobbles and boulders ranging in size from 0.2 m to 4.0 m 
(Thurber Consultants, 1985). 
Gradients in the initiation zone range from 37 to 45 in the schist and 28 to 75 in the 
granodiorite. Elevations of initiation zones range from 380 m to 1150 m. 
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In contrast to the intensive localized nature of the storm during the debris torrent activity 
of 1983, rainfall during 1984 was heavy and widespread, inside and outside the study area and 
probably representative of many winter storms in this area (Schaefer, 1983; Thurber Consultants, 
1985). Temperatures just prior to the storm were below 0 C. It is possible the ground was 
frozen, reducing soil infiltration capacity and thus increasing rates of runoff. It is unlikely that 
snowmelt contributed to runoff associated with the debris torrents (Thurber Consultants, 1985). 
6.3 DISCUSSION AND SUMMARY 
6.3.1 Weather 
The debris torrents were initiated by debris slides that were probably triggered by rainfall 
during significant storm events. The 1983 torrents occurred during the summer when intense 
and heavy rainfall does not normally occur. Nearby weather stations did not report high 
intensities of rainfall during the period in which the torrents occurred nor were any debris torents 
reported outside the 4 km radius. Thus it is probable the debris slides were triggered by locally 
intense rainfall generated by local convection cells embedded within larger storms. 
In contrast, the debris torrents of January 1984 occurred during winter, normally a pericxi 
of intense precipitation. The rainfall was widespread inside and outside of the study area. This 
storm is probably representative of many winter cyclonic storms occurring in this area. 
Summer temperatures prevailed in 1983. In 1984 temperatures at sea level remained at 
about 0 C. Thus snowmelt is not thought to have been a factor in the debris torrent occurrence 
of either 1983 or 1984. 
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6.3.2 Topography 
Initiation zones of debris slides triggering debris torrents range from 37 to 45 in the 
schist, and 28 to 75 in the granodiorite. 
6.3.3 Lithology 
The geology of the torrent initiation zones is reflected in the lithology of the debris found 
in the torrent deposition zones or observed in the creek channels. Texture of material from 
initiation zones underlain by granodiorite is subangular to angular and subrounded cobbles and 
boulders from 0.2 m to 4.0 m in diameter. In areas underlain by schist, clasts are angular to 
subangular. The schist is fine grained, well-foliated, and has good rock cleavage. It splits along 
its foliation. The schist consists predominantly of mica with inclusions of greenstone (Monger, 
1969). The granodiorite is coarse grained. Disintegration occurs primarily along widely spaced 
joints resulting in rockfalls and rockslides. Joint failures often result from high pore water 
pressure in joints or from frost shattering. 
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CHAPTER 7 COMPARISON OF REGIONS AND SUMMARY 
There are three variables that control debris torrents, weather, topography, and lithology. 
Weather, specifically rainfall intensity and high annual precipitation, and topography, specifically 
slope, were compared and found to be similar between the three regions. These similarities in 
weather and topography have been held constant while comparing lithology. 
7.1 WEATHER 
The three study regions lie in the path of cyclonic frontal storms originating in the Gulf 
of Alaska or the Pacific Ocean and are subject to frequent storms events especially from October 
through January. The direct correlation between debris torrents and storm events has not been 
firmly established for the study regions but the role of weather in debris torrent initiation is 
widely accepted. Documentation cited in this report shows that in most cases mass movements 
initiating debris torrents in the study regions were triggered by storm events. Although intensity 
was not recorded in each watershed, it is thought that locally intense rainfall from convective 
cells imbedded in larger storms was responsible for triggering the 1983 debris torrents in Cheam-
Wahleach, and in Charles and Newman Creeks in Howe Sound. The other debris torrents 
occurred during seasonally typical storm events. Rising freezing levels during storms probably 
contributed to snowmelt and runoff in Alberta and Newman Creeks, and to increased runoff over 
frozen ground in Cheam-Wahleach. Although data to correlate storm events with debris torrents 
studied in the Queen Charlotte Islands is unavailable except for Sachs Creek, existing rainfall 
data provides evidence of high rainfall. This is reflected by the initiation of the FFIP study as 
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a response to a 1978 storm which initiated mass movements triggering debris torrents and 
destroying fish habitats in many streams. 
The average annual precipitation above sea level is similar between all three regions. 
Annual precipitation is higher in the Queen Charlotte Islands than in the other two regions, 
reflecting the unprotected location of the Islands compared to the Coast Mountains and Cascade 
Ranges, and presenting further evidence that debris torrents in the Queen Charlotte Islands are 
weather related. 
Thus weather characteristics relevant to debris torrent occurrence, namely high annual 
precipitation, high intensity rainfall, and a temperate maritime climate are similar in all three 
regions, and were held constant throughout the study. 
7 .2 TOPOGRAPHY 
Topography in the three regions studied is similar. Slopes rise steeply from near sea 
level to elevations ranging from 800 m in the Queen Charlotte Islands, to 2350 m in Cheam-
Wahleach to 2500 m in Howe Sound. Slopes in debris torrent initiation zones of the three 
regions are similar. In the Queen Charlotte Islands the gradients of initiation zones range from 
28 to 55, in Howe Sound from 29 to 57 degrees, and in Cheam-Wahleach from 24 to 75. 
7.3 LITHOLOGY 
The debris torrents studied were initiated in areas underlain by plutonic, volcanic, 
sedimentary, and metamorphic bedrock. Specifically, debris torrents in the Howe Sound and part 
of the Cheam-Wahleach region were initiated in areas underlain by diorite, quartz diorite, and 
granodiorite. Initiation zones in the other portion of the Cheam-W ahleach study region is 
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underlain by schist. In the Queen Charlotte Islands study region, torrents were initiated in 
pebble-cobble conglomerate, andesite, and in argillite interbedded with limestone. The diorite, 
quartz diorite, and granodiorite is widely jointed. Weathering and failure along the joints 
produces large clasts which are the primary source of boulders stored in stream channels and 
incorporated in debris torrents. The volcanic, sedimentary, and metamorphic rocks are often, 
but not always densely jointed. The sedimentary and some of the metamorphic rocks are often 
thinly bedded. Failure in sedimentary and volcanic rocks occur along the joints; in sedimentary 
rocks, along the bedding planes. The schist splits along its schistosities. Failure in sedimentary, 
volcanic, and metamorphic rock usually, but not always, produces small clasts. 
Clast sizes vary between the three study regions ranging from 0.2 m to 6.0 min diameter. 
Overall, the largest boulders, 2!6 min diameter, appear to be present in the Howe Sound region. 
In watersheds underlain by schist, clasts stored in the channels vary from 0.2 m to 4.0 m. Clast 
sizes for sites examined in the Queen Charlotte Islands are unavailable. Based on the underlying 
volcanic and sedimentary bedrock and its weathering characteristics, it is likely that clasts 
incorporated in the Queen Charlotte Islands debris torrents consisted of fine material. Many, but 
not all sedimentary and volcanic rock types tend to weather to finer material than plutonics. The 
weathered material ranges from clay to silt to sand to pebbles and cobbles. 
All of the flows examined in this study were described in the literature as debris torrents. 
Thus debris torrents were said to occur in sedimentary, volcanic, metamorphic and plutonic 
bedrock. But, if the most distinctive characteristic of a debris torrent is the coarse nature of 
incorporated debris and the lack of silt and clay, then perhaps all of these flows do not fall 
within the definition of a debris torrent. It is suggested that only the flows incorporating boulder 
size debris usually originating in lithologic type bedrock having widely spaced joints be 
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considered debris torrents. Thus the flows in the Queen Charlotte Islands study region, and 
perhaps those originating in schist in the Cheam-Wahleach area, may not have been debris 
torrents and perhaps should be considered debris flows. 
Since material derived from weathering plutonic rock usually consists of large boulders, 
and if a debris torrent is defined as a flow consisting primarily of large boulders, and an absence 
of silt and clay, then the theory of Bovis and Dagg that channels on plutonic rock are 
predisposed to debris torrents is plausible. On the other hand, since sedimentary, volcanic and 
metamorphic rock sometimes weather to boulder size, it cannot be assumed that debris torrents 
occur only in plutonic rock. But, because these rock types often produce clasts smaller than 
boulders, channels on these rock types may not be predisposed to debris torrents. 
The lack of a clear definition of the term 'debris torrents' and the confusion surrounding 
its use impeded this study. This problem is evidenced by the difficulties encountered in defining 
the Queen Charlotte flows. A universally accepted definition of a debris torrent is needed to aid 
field investigators and other researchers in identification of debris torrents as opposed to other 
types of flows, in order to plan measures to mitigate the specific hazards a debris torrent poses. 
Compared to other flows, debris torrents are more potentially destructive, requiring higher capital 
expenditures to mitigate property damage and threats to human safety. It is suggested that a 
debris torrent be considered a sub-classification of mass flows. Since the most distinctive 
characteristic of a debris torrent is the coarse nature of its incorporated material, and the lack 
of silt and clay, it is further suggested that an acceptable definition could be formulated on the 
basis of the predominance of large boulders found in a flow lacking silt and clay. Without an 
accepted definition, debris torrent researchers will continue to be hindered in their investigations 
by confusion in the literature and in the field over the characteristics which constitute a debris 
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torrent, spending unnecessary time and money searching publications, field reports, and other 
data to determine the type of flow. 
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ABSTRACT 
"The Mahaweli Project of Sri Lanka: An evaluation 
of the irrigation system performance" 
The Mahaweli Project was a rural colonization scheme and large irrigation project which 
dammed and diverted the Mahaweli Ganga and other smaller rivers into a trans-basin network 
to supply irrigation water to the Dry Zone of Sri Lanka. 
The Project was conceived in 1957. The 30 year construction schedule which began in 
1968, has been interrupted several times due to changes in government. In 1978, the 
Government of Sri Lanka launched the Accelerated Mahaweli Project, reducing the time 
schedule for completion to five years. The purpose of the Project was to mitigate long standing 
historical and contemporary problems. Provision of land for the landless and land poor, and 
unemployment were historical issues; food self-sufficiency, and later, reduction of the foreign 
exchange crisis were more contemporary topics. Domestic and international politics complicated 
the issues and influenced development of the Mahaweli Project. 
The objective of this study is to evaluate the performance of the irrigation system in 
achieving reliable and equitable water delivery to agricultural fields, and in reducing 
unemployment. To judge the performance of the system, its effectiveness is examined within the 
context of the following physical constraints: 
(1) Seasonally limited water supplies 
lll 
(2) High rates of evaporation 
(3) Drought 
(4) Calculation errors in estimation of water surplus 
Within the context of the physical constraints, the performance of the irrigation system 
is evaluated using the following criteria: 
(1) Allocative efficiency 
(2) Land management and sustainability 
(3) Employment 
The evaluation indicates that performance of the irrigation system is much lower than 
expected, a situation similar to that experienced by other less developed countries. A reduction 
in numbers of landless and land poor has occurred because many have been given farmland in 
the Dry Zone, but little employment for professionals and other workers has been generated. 
The inability of the irrigation system to deliver water equitably and reliably to the agricultural 
fields has resulted in water shortages for crops and has been identified as the limiting factor to 
further growth in agricultural productivity. Maximum efficiency of the water distribution system 
in delivering available water is essential to utilization of all irrigable land and to sustained 
growth in agricultural production, without which neither food self-sufficiency or resolution of 
foreign exchange problems will be realized. The Government of Sri Lanka is now allegedly 
rectifying problems contributing to the low performance of the irrigation system. 
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CHAPTER 1 INTRODUCTION 
1.1 INTRODUCTION TO SRI LANKA 
Irrigation schemes in the Dry Zone of Sri Lanka have consistently increased in size since 
the nineteenth century when the colonial government began to repair ancient irrigation works. 
Dramatic population growth after 1931 intensified density problems and land shortages in the 
Wet Zone. Rising concern over the welfare of landless peasants initiated endeavors to establish 
large colonization schemes in areas of the Dry Zone. These attempts were generally 
unsuccessful until the eradication of malaria in 1945. During the 1950's the large and successful 
Gal Oya irrigation project was begun and studies for the huge Mahaweli Project commenced. 
In the 1960's construction began on the Mahaweli project and continued intermittently. 
The Mahaweli Ganga Project is an ongoing scheme involving the Government of Sri 
Lanka and many donor countries of which Canada, through the Canadian International 
Development Agency (CIDA), is one. The Project is multi-faceted and multi-disclipinary. It 
involved damming and diverting the Mahaweli Ganga and other rivers into a network to supply 
irrigation water to most of the Dry Zone. The area to be developed was divided into geographic 
sections which were fitted into a temporal construction schedule. The development of the 
Mahaweli Project was initiated in 1968 and because of the size of the undertaking, given a thirty 
year time schedule for completion. Feasibility studies and cost benefit analyses for different 
components were undertaken by the UNDP/FAO Mission to Sri Lanka with some assistance 
from other countries. Civil disorders, high unemployment and political considerations prompted 
the inception of the Accelerated Mahaweli Program (ACMP) in 1978. The ACMP reduced the 
1 
time schedule from the remaining twenty to five years for completion of all components of the 
Project. 
The original conception of the Mahaweli Project envisioned little foreign financing for 
develoment costs, but during the 1960's economic mismanagement caused a serious trade deficit 
and foreign exchange crisis which was used as a rationale for accepting large foreign loans for 
the Project. It was argued, that the Project, by delivering irrigation water to the Dry Zone, 
would increase arable land and thus agricultural productivity, leading to food self-sufficiency and 
agricultural exports. This achievement would in turn relieve the foreign exchange crisis and 
bring the country economic prosperity and independence. Instead, the extensive borrowing 
which was accelerated over time, added to, and eventually created an extremely severe deficit 
in the country's balance of payments and burdened Sri Lanka with a huge foreign debt. 
Since the early twentieth century there have been subtle, underlying philosophical 
differences, between political groups over the specifics of how and why the Dry Zone should 
be developed. Should it be colonized primarily to provide land for the peasant class or should 
it be developed as a profit-based, large scale agricultural project which would incorporate, at 
least in theory, peasant welfare within the overall scheme? The particular aspect adopted usually 
paralleled the aspirations of the ruling political party; those who favored the profit orientated 
model tended to promote mega-hydraulic projects using transfers of the latest technological 
innovations and money from foreign and international agency donors. 
1.2 PROBLEM STATEMENT 
The Mahaweli Development Project is the most important project in the history of Sri 
Lanka in terms of money, land involved, and people affected. The program has been criticized 
2 
since its conception and it is still seriously doubted whether it constitutes the best solution for 
the problems of the country (Netherlands, 1982). Implementation of the Accelerated Mahaweli 
Project (ACMP) has heightened the criticism, raising serious questions over the authenticity of 
its stated objective and concern over its abilities to provide an efficient irrigation system within 
the compressed time frame. Performance levels are much lower than expected and both the 
Government of Sri Lanka (GOSL) (1984) and the World Bank (1984) have identified scarce 
water supplies as the limiting factor to further growth in agricultural productivity. 
Continuing civil disorders were cited as the major reason for the urgency in implementing 
the ACMP. According to the Government of Sri Lanka, the civil strife occurred primarily as 
a result of unemployment, especially among the university educated, and they feared the 
disturbances would lead to anarchy. Based on this premise reducing unemployment was 
imperative to prevent collapse of the government (Brown, n.d.). Thus the official government 
purpose for accelerating the Mahaweli Project was to provide employment for the educated 
classes. In contrast to the stated objective, it has been suggested that political aspirations of 
various national and international groups were the real reason for inception of the ACMP. 
Except perhaps for the ACMP and geopolitical issues surrounding its 'rush' development, 
Sri Lanka faces similar dilemnas as those experienced by other developing countries constructing 
large irrigation projects. Inadequate water supplies and inefficiency in irrigation water deliveries 
and uses have been a problem in other developing countries (Bhuyani, 1987). For example, in 
several countries including India, Egypt, the Sudan and Sri Lanka, irrigable land represents a 
high proportion of total arable land and available water is reaching its physical limits (Rangley, 
1987). Most of these countries have lower than expected agricultural performances due 
primarily to problems in irrigation efficiency but in the Sudan, central control of the water 
3 
schedule has resulted in greater irrigation efficiency (Rangley, 1987). Scarce water supplies are 
sometimes a result of natural causes as drought, but it is more commonly a function of poor 
water management as exemplified in the Phillipines where about one-quarter of the area irrigated 
during the wet season receives no water in the dry season (Norse, 1979). High temperatures 
cause rapid evaporation rates and high water losses from open surf ace irrigation canals. Many 
Asian countries have only a 30% average efficiency rate, compared to efficiency rates of about 
85% for advanced drip systems and 60% for sprinkler systems (Rangley, 1987). Better efficiency 
results in greater reliability in water delivery and hence greater agricultural productivity. In the 
Mahi-Kadana Project, farmers pay up to nine times more for groundwater because it is relatively 
reliable (Chambers, 1987). Husain (1987) argues that irrigation policies must be improved as 
the "costs of inefficiency are too great for developing countries to bear". 
Poor operation and maintenance of irrigation systems in most developing countries 
contributes to irrigation inefficiency and in some cases to deterioration of the irrigation system. 
This deplorable situation is usually due to lack of funding and planning for operation and 
maintenance in the original Project design which has historically considered hardware 
performance only. In the Haute Valley Project of Mali, the poor condition of canals and ditches 
together with poor planning in water delivery allowed the first farm in the turnout system to 
divert most of the water, leaving little for farmers at the end of the line. Because of these 
inefficiencies, five out of seven projects in Mali were abandoned and the other two reported 
yields less than those of traditional agriculture. In Bangladesh, under utilization and 
deterioration of the irrigation project is a direct result of inadequate funding for operation and 
maintenance (Bhuiyan, 1987). In India, an inadequate budget for operation and maintenance has 
4 
resulted in irrigation system deterioration and, argues Sundar (1984), cited in Bhuiyan (1987), 
reflects a lack of concern on the part of the government for agricultural output. 
Waterlogging is a significant problem in irrigation efficiency especially in systems in 
which rice is the primary crop. It affects from 10 -15% of total irrigated area within a few years 
of commencement of system operation. In the Indus Basin of Pakistan, more than half, or 
8,000,000 hectares (ha) experience waterlogging and 40% of this total have salinity problems. 
About 17% of irrigated areas in the public sector of the Phillipines have inadequate drainage. 
In India, water logging is due to high seepage losses in unlined canals, cultivation of crops with 
high water requirements, and over-irrigation. This has resulted in high water losses due to 
evaporation, salinity, soil erosion, leaching of soil nutrients and the rise of the underground 
water table. The impact of poor drainage has been to negatively affect irrigation water supplies 
for millions of hectares of land (Bhuiyan, 1987; Subramananiam, 1978). 
Poor construction, calculation errors and inaccurate placement of tertiary level 
infrastructures cause chaos in irrigation water delivery to farms and illegal behavior by farmers. 
For example in the Upper Pampanga River Integrated Irrigation System of the Phillipines, 40% 
of water output structures have been improperly placed in fields. In a smaller Phillipine 
irrigation system, over 10% of the fields are unable to obtain water because designs for gravity 
flow are unworkable and concrete flumes are poorly constructed (Barker et al, 1984). 
1.3 OBJECTIVE OF STUDY 
The purpose of this study is to evaluate the performance of the irrigation system in 
achieving reliable and equitable water delivery to agricultural fields, and in reducing 
unemployment. 
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1.4 STUDY STRUCI1JRE 
In accordance with the objectives, the study is designed as follows: 
(1) Identification of: 
(a) goals of the original Project and Accelerated Mahaweli Project. 
(b) constraints to achievement of a high performance irrigation system. 
(2) Evaluation of the performance of the irrigation system. 
(3) To judge the performance of the irrigation system the following physical 
constraints to the effectiveness of the program are examined: 
(a) seasonally limited water supplies 
(b) high rates of evaporation 
(c) poorly drained soils 
(d) drought 
(e) calculation errors in estimation of water surplus 
(4) Within the context of the physical constraints the performance of the irrigation 
system is evaluated using the following criteria: 
(a) allocative efficience 
(b) land management and sustainability 
(c) employment 
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1.5 DAT A SOURCES 
1.5.1 Data Collection 
No field work was conducted. Data were collected from the Canadian International 
Development Agency (CIDA), local CIDA consultants for Sri Lanka, local academics and library 
sources from published and unpublished reports, books and verbal communications. Library 
sources and academics furnished useful information regarding the political, economic and 
irrigation history of Sri Lanka, but little information about the Mahaweli Project A CIDA 
consultant provided information on the general effectiveness of the Project. CIDA furnished a 
CIDA and Acres International (Canadian consultant) report, an Environmental Impact 
Assessment from Tippett, Abbett, McCarthy and Stratton (TAMS), (USAID consultant), one 
report from NEDECO (Government of the Netherlands), and one from the Government of Sri 
Lanka (GOSL). Another GOSL publication discussed water as a limiting constraint in sustained 
agricultural production and related management solutions. A local CIDA agro-economic 
consultant provided specific background information regarding irrigation water and crop 
management problems in Sri Lanka and the report of a CIDA Sociologist for the Mahaweli 
Project. Most of the literature regarding the ACMP spans the period from 1978 to 1984 while 
information from the consultants is more recent. Available data were limited and poorly 
correlated. Each literature source deals with differing aspects and/or components of the Project. 
None gives a coordinated overall view of the Project. 
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1.5.2 Data Reliability 
Probably because of its fragmented nature, much of the information about the Project is 
inconsistent in its statements of project objectives, designation of geographic components, 
design, feasibility studies, timing of activities and development criteria, as well as the specific 
agencies involved. Verbal communications regarding these issues sometimes differ from the 
written version. With the exception of System B, it is impossible to ascertain from available 
literature when or if project designs, feasibility studies, cost benefit analyses or cost effectiveness 
studies were carried out for specific areas, and if so when, and by whom. 
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CHAPTER 2 GEOORAPHY 
2.1 GEOORAPHY OF SRI LANKA 
The physical and human geography of Sri Lanka is important because it forms the basis 
from which to understand the need for irrigation to increase arable land and agricultural 
production. The Island of Sri Lanka is small comprising 65,000 square kilometres (km) off the 
southern tip of India. It is 430 km long and 180 km wide. By virtue of its climate and 
topography the country is divided into two major regions, the Wet Zone and the Dry Zone 
(Figure 2.1 ), separated by a highland area where mountain peaks rise up to 2500 m above sea 
level (Acres, 1980). The Wet Zone corresponds roughly to the southwest quadrat covering 
approximately 30% of the island's area; the Dry Zone occupies most of the other seventy 
percent. The Dry Zone is characterized by undulating plains with occasional prominent rock 
outcrops (Acres, 1980; Farmer, 1957; UNFAO, 1968). 
The largest river in Sri Lanka, the Mahaweli Ganga, rises in mountains south of Kandy, 
traverses northeast through the Dry Zone and discharges into the Bay of Bengal near 
Trincomalee. The bedrock in the Mahaweli Ganga catchment areas is basic and acidic 
precambrian, metamorphic rock, mantled by sedimentary deposits. The dam sites are 
predominantly gneisses occasionally interbedded with limestone (Sri Lanka, 1972; UNFAO, 
1968). 
According to available information soils in the Mahaweli Project area are classified 
according to the 1938 U.S Soil Classification System. Forty percent of the new lands proposed 
for irrigation development were upland soils in the reddish-brown soil group, 35% were 
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dominated by valley bottom, low-humic gley soils, 10% were in the non-calcic brown group, and 
10% were shallow sandy soils (Sri Lanka, 1972; UNFAO, 1968). Seasonal leaching prevails 
during the wet season while capillary action of soil water from groundwater levels tends to occur 
during the dry season. 
Upland soils are sandy clay loam to sandy loam and generally drain readily. A gravelly 
sub-soil is found approximately 12 cm below the surface except on lower slopes, which have 
mottled horizons with low soil porosity and groundwater build-up often resulting in 
waterlogging. Associated with the upland soils are the non-calcic brown group consisting of 
loamy sands and sandy loams. These are highly permeable soils with rapid infiltration rates (Sri 
Lanka 1972; UNFAO; 1968). 
Low-humic gley soils on valley bottoms are poorly drained and consist primarily of silts 
and clays with low porosity and infiltration rates (UNFAO, 1968). These soils are subject to 
waterlogging from over-irrigation and flooding during the Maha season. They have reduced iron 
compounds and a low soil pH associated their low humic content. Rapid leaching of soil 
nutrients occurs. Floodplains in the valley bottoms consist of shallow sandy soils overlying a 
"heavy-textured" sub-soil which is strongly alkaline (Sri Lanka, 1972; UNFAO, 1968). 
The climate is dominated by two major monsoons, the Maha and Y ala. The Maha which 
originates in the northeast, usually begins in November and ends in January. The southwest 
Yala monsoon occurs between May and September. Although the Wet and Dry Zones both 
receive rainfall from the Maha, the greatest amount falls in the dry zone. The opposite is true 
during the Y ala when, due to the orographic effect of the mountains, the wet zone is inundated 
by rainfall and the Dry Zone, which lies in the rain shadow, receives little. During the Yala the 
Dry Zone is subject to strong, dry winds and high temperatures causing rapid evaporation rates 
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and contributing to low runoff. As a result of the seasonal rainfall and temperature regimes, the 
Dry lime has only one annual growing season which corresponds to the Maha event. A second 
growing season can only be accomplished with improved water conservation and an efficient 
irrigation system. In contrast, the Wet Zone has two annual growing seasons, one during the 
Maha and the other during the Yala (Acres, 1990; CIDA, n.d.; Sri Lanka, 1972). 
The Dry Zone has been identified as an area with considerable potential for agriculture 
(Acres, 1980), however annual rainfall amounts vary and droughts occur pericxlically. 
Consequently the water supply may be limited and even with water conservation two annual 
crops may not always be possible in each area (CIDA, n.d) but high performance levels of the 
irrigation system is essential to achieve a reliable and equitable water distribution so that optimal 
use of available water is attained. 
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CHAPTER 3 HISTORY OF SRI LANKA 
3.1 BEFORE COLONIZATION 
The practice of irrigated agriculture and water conservation has a long history in the Dry 
Zone which was once the flourishing center of ancient Sinhalese civilization (Cederroth et al, 
1986; DeSilva, 1981; Farmer, 1957; Wilson, 1974). Water conservation and irrigation was 
achieved by the Sinhalese through use of artificial storm reservoirs constructed between 4500 
and 800 B.C.; by water delivery to the fields by canal systems constructed between 1 A.D. and 
4 A.D.; and by long river diversions and tributary canals through which water flowed to storage 
tanks, constructed between 11 A.D. and 14 A.D (Acres, 1980; Lundgvist, 1986). The Buddhist 
temples were responsible for overseeing the irrigation systems. These systems were maintained 
by the local elite with peasant cooperation. The land was viewed as communal, instead of as 
a private commodity. The communal socio-economic political system was not communistic in 
the twentieth century sense, but was an ideal totalitarian state where peasants were not beholden 
to the elite (B. Morrison, personal communication, 1988). 
The ancient Sinhalese kingdom was centered in the northern city of Anuradapura. It fell 
in 1070 A.D. to Chola invaders and the population shifted slowly southward to Polonnaruva. 
Its final demise in 1186 A.D. was due to poor economic and administrative management. After 
its collapse the irrigation and hydraulic systems fell into disuse and disrepair. The decline of 
the old system has formed the basis for contemporary development of new systems. 
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3.2 DURING COLONIZATION 
Colonization of Sri Lanka began in 1505 A.D. with the arrival of the Portuguese; 
continued with the Dutch (1595-1797); and ended with the British ( 1796-1947). By 1815 British 
rule extended over the entire country. Land in the wet zone used by peasants for chena 
agriculture, was expropriated by the Crown during its period of rest to create a plantation 
agricultural system for tea and rubber. This reduced arable acreage available for peasant 
agriculture and created food shortages (Wilson, 1974). 
The colonial government was characterized by a laissez-faire political economy which 
showed little concern for peasant welfare. Emphasis was placed on earning a return on 
investments in the plantation system. This policy gradually changed and in the mid-nineteenth 
century the government set up irrigation boards to resotre the ancient irrigation works in the dry 
zone to help farmers increase their paddy production and entice peasant migration from the 
overcrowded Wet Zone to the Dry Zone. Irrigation works were expected to earn revenues but 
their existence was no longer justified solely on their rate of return. By 1920 the Irrigation 
Department had become a Public Works spending department rather than a revenue earning 
department. This represented a major change in govemmment attidude and paved the way for 
waiving of irrigation user fees in later colonization schemes (Farmer, 1957). 
As land shortages became more acute in the early twentieth century thought was given 
by the government to creating a landed peasantry by reclaiming and in the Dry Zone for peasant 
colonization (Farmer, 1957; Wanigaratne, 1979; Wilson, 1974). In 1931, escalating rice prices 
stimulated several experimental agricultural projects but fear of malaria, endemic to the Dry 
Zone, prevented migration of many settlers to the region and consequently project failure rates 
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were high (Farmer, 1957; Wanigaratne, 1979). It was not until after the eradication of malaria 
with DDT in 1945 that colonization schemes attracted settlers (DeSilva, 1981). 
Sri Lankans from the elite classes were educated in British schools where they absorbed 
British politics, economics and cultural values stemming from the industrial and agricultural 
revolution. One of these students, D.S. Senanayke was Minister of Agriculture in 1931. He 
envisioned large govenment-aided colonization schemes associated with mega irrigation projects 
to provide water for agriculture in the Dry Zone. The colonial government, sympathetic to his 
ideas, enacted the New Policy of 1939 which officially recognized Dry Zone colonization as at 
least a partial solution to unemployment, underemployment and land pressures from increasing 
population density in the Wet Zone. The New Policy increased economic aid to colonization 
schemes, accepted responsibility for major irrigation works, domestic water supplies and roads, 
and instituted the practice of soil surveying prior to settlement 
3.3 AFIBR INDEPENDENCE 
After independence from Britain in 1947, national development and self-sufficiency 
became important goals for Sri Lanka but approaches over how to achieve these objectives 
fluctuated between political parties (Table 3.3). The United Nationalist Party (UNP) favored 
large scale colonization and mega-irrigation projects to develop the Dry Zone. In contrast, the 
far left political party, represented by the Sri Lankan Freedom Party (SLFP), later the United 
Front (UF), believed state controlled industrial development, not agriculture, was the cornerstone 
of economic progress. The UNP is an agarian based, democratic socialist party committed to 
a mixed economy but, places the greatest emphasis on the role of the private sector. It has 
historicallly maintained Commonwealth ties and subtle liasons with the West. Openly, its 
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DATES NAME PARTY POSITION OTHER 
1947-52 D.S. Senanayake UNP Prime Minister Died in Off ice 1952 
1952-53 Dudley Senanayake UNP Prime Minister Resigned before end of term 
1953-56 Sir John Kotewala UNP Prime Minister 
1956-59 s.w.R.D. Bandaranaike SLFP Prime Minister Assassinated 1959 
1959-60 W. Dahanayake UNP Prime Minister Minority Government 
1960-60 Dudley Senanayake UNP Prime Minister March, 1960 - July, 1960 
..... 1960-65 O'I Mrs. Sirimavo R.D. Bandaranaike SLFP Prime Minister 
1965-70 Dudley Senanayake UNP Prime Minister 
1970-77 Mrs. Sirimavo R.D. Bandaranaike UF Prime Minister 
1977-78 J.R. Jayewardene UNP Prime Minister July, 1977 - February, 1978 
1978 R. Premadasa UNP Prime Minister February, 1978 only 
Feb. 4 J.R. Jayewardene UNP Executive New System of Government 
1978 President 
Table 3.3 Prime Ministers of Sri Lanka (De Silva, 1981) 
foreign policy espoused neutralism until 1978 when its pro-western stance became obvious. The 
SLFP was generally committed to unity and strong trade ties between the non-aligned states of 
Asia and Africa believing this policy would lead to greater diversity of external trade (DeSilva, 
1981). It was anti-western, especially anti-American, and pro-Soviet. Pursuit of agriculture was 
considered, especially by the intelligentsia of the party, to be a sign of backwardness and 
submission to the western powers. 
The UNP was interested in adopting western ideals, technology, and agricultural methods 
and invited various western developed countries and international agencies such as the UNDP, 
FAQ and IBRD to advise Sri Lanka on irrigation and agricultural policies. For example, the 
UNP implemented the Ford Foundation program package recommended by the UNDP. It 
provided for farming on a planned basis and supplied western developed high yielding varieties 
(HYV) of rice seeds, agro-chemicals, fertilizers, farm machinery and training programs. The 
experimental program was undertaken in the Wet Zone and extended to the Dry Zone in 1968-69 
(Wilson, 197 4 ). 
International assistance was limited primarily to food aid from Commonwealth countries 
until after the initiation by the UNP, of the Gal Oya Project in 1953, when grants, loans, and 
technical expertise were received from the United States, Canada and international agencies. 
The Gal Oya Project in the Dry Zone was a dam and river diversion project modelled after the 
Tennessee Valley Authority Project in the United States. Since completion water resources have 
been used primarily for power and irrigation systems providing an additional 48,564 irrigable 
hectares (ha) for agriculture in the Dry Zone (Farmer, 1957). Plans for restoration of ancient 
works in the Dry Zone with limited new construction at the local village scale were proposed 
by opponents of large scale developments who suggested that development of entire catchment 
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basins, like the Gal Oya, would eventually lead to unworkable grandiose schemes and huge 
expenditures. But D.S. Sennanayake had visions of huge irrigation and agricultural schemes 
which could not be accomplished without mega-irrigation systems. His love for the land and 
his experience as a youth on family plantations had influenced his desire to pursue national 
agricultural developments on a large scale. He believed small farms and traditional chena 
precluded full productivity of the land. In opting for large schemes, Sennanayake set a 
precedent of institutionilization of mega-irrigation projects on the basis of foreign advice, 
financed with foreign aid and developed with technological transfers from foreign countries. His 
decision to proceed with large scale irrigation projects narrowed the opportunity for future 
alternative policies. 
The SLFP believed large scale industrial development would best meet long term goals, 
but felt it could be integrated with less grandiose irrigation and agricultural development in the 
Dry Zone, and paid for as it preceded, with profits from the industrial sector. The GOSL under 
the SLFP, negotiated the first agreement regarding the Mahaweli Project in 1958 with the U.S. 
Operations Mission providing for joint studies between the Sri Lanka and the United States. An 
Agreement for the UNDP/FAO to undertake feasibility studies for the Mahaweli Project was 
signed by the GOSL in 1964. Under the SLFP the Mahaweli Development Board Act was 
passed in 1970 giving total responsibility for development of the Project to the Mahaweli 
Development Board (MDP). 
Dudley Sennanayake, Prime Minister from 1965 to 1970, inherited his father's philosophy 
towards large agricultural and irrigation schemes. He continued and enlarged upon the 
agricultural policies of the previous UNP government by promoting fcxxl production drives and 
experimental farms, and continued the tradition of inviting technical expertise and financial 
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assistance from foreign, especially western nations. By the end of his term of office, Sri Lanka 
was tentatively committed to mega-irrigation projects. Possible alternatives were no longer 
considered and when the SLFP under Mrs. Bandaranaike was re-elected in 1970, it was 
powerless to stop the momentum of large irrigation developments. The Mahaweli Project had 
achieved its own autonomy and motor of development proceeding independently of any 
government directive. 
In 1978 the UNP passed the Accelerated Mahaweli Development Plan (AMDP), a five 
year plan designed to expedite construction and complete the entire Project within five years 
(CIDA, 1981; DeSilva, 1981). The GOSL under President J.R. Jaywardene, openly solicited 
western financial aid, especially from the United States but also from other countries including 
Canada (DeSilva, 1981). Although the AMDP retained goals of the original program, its 
urgency was said to be due to unemployment among the dissatisfied university graduates whom 
the GOSL felt were responsible for the continuing civil disturbances (Brown, n.d.). The country 
was firmly and permanently committed to the Mahaweli Ganga mega-irrigation project after the 
inception of the ACMP and opportunities to reduce the size of the Mahaweli Project were then 
negligible. Western countries, anxious to stabilize the pro-Western government contributed 
millions of dollars of aid, mostly in the form of loans, to the Mahaweli Project and development 
proceeded at an unprecedented rate (H. Saaltink, personal communication, March 3, 1990; D. 
Schroeter, 1988). During this time the GOSL became committed to repayment of loans plus 
interest totalling millions of dollars. 
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3.3.1 Political-Economic Issues 
Until after the Korean War the country had maintained a healthy trade balance and a 
surplus foreign cash reserve due to exports of tea and rubber for which there was a high demand 
during the Korean war period. During this time the country had an opportunity to increase 
economic growth with stable investments but, even after the collapse of the economic boom 
following the Korean Armistice, a lack of foresight allowed the income to be used to finance 
food, especially rice imports, and luxury consumer goods. The demand for these imports 
depleted the country's foreign cash reserve creating a crisis in the balance of payments and a 
trade deficit. To restrict further drains on foreign cash reserves, controls were imposed in 1960-
61 on imports of non-essential goods. But this measure failed to solve the problem (De Silva, 
1981 ). Lack of self-sufficiency in rice production necessitated large rice imports and contributed 
to the foreign exchange problem. To further complicate the situation, domestic rice purchases 
were subsizided by the government (Wilson, 1974). 
The rice subsidy accounted for 30%-40% of government expenditures and was actually 
a double subsidy. Domestic producers were guaranteed prices for rice by the government who 
also subsidized the weekly rice rations for consumers in an amount much lower than prices 
prevailing on the open market. For example, in 1966, each adult received four pounds of rice 
per week yet paid only half of its worth. Rice subsidies were expected as part of the historical 
heritage of the country's welfare society. Politicians who cut rice subsidies were apt to lose the 
next election (Wilson, 1974). 
To achieve self-sufficiency in food it was necessary to increase rice production on a 
sustained basis and this became a national priority for Dudley Sennanayake when he became 
Prime Minister in 1965. Because of his coolness to the Communist bloc and friendliness to 
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western nations, he received extensive loans from the International Monetary Fund (IMF) and 
the World Bank (WB). There were successive advisory missions to Sri Lanka from the 
International Bank for Reconstruction and Development (IBRD), who mobilized economic 
assistance and formed An "Aid Sri Lanka" consortium which included Australia, Britain, Canada, 
West Germany, France, India, Italy, Japan and the United States. The consortium advanced aid 
in the form of loans and grants, most of which were earmarked for Stage I of the Mahaweli 
Project, and for the agricultural program packages supplied by the Ford Foundation (Wilson, 
1974). 
The SLFP opposition, totally opposed to extensive international loans for the Mahaweli 
Project, argued that Dudley Sennanayake was unduly influenced by the IBRD,IMF and WB, and 
that by his actions jeopardized national sovereignity. Foreign aid involved external borrowings 
at relatively high interest rates which were also sometimes subject to rigorous conditions. Mrs. 
Bandaranaike said, " ... Sri Lanka should learn to be self-reliant..." and, that " ... direct benefits 
from better trade terms, not aid, was the answer to the problem of development" (Wilson, 1974). 
Dudley Sennanayake replied that, " ... under-developed countries like Sri Lanka cannot hope to 
progress without such [foreign aid] assistance ... " (Wilson, 1974). 
Conditions imposed by the IBRD and the International Development Agency (IDA) for 
financing Stage I of the Mahaweli Project included the following: 
1. The IBRD was to have veto powers over all appointments and dismissals to major 
posts, and with regard to all major tenders and purchases of machinery; 
2. The Sri Lankan government was to increase water taxes from farmers in the areas 
receiving greatest benefits from the river diversion; and, 
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3. Parliament must obtain prior approval from the IBRD before varying either 1, or 
2 (Wilson, 1974). 
Additional stringent conditions imposed by the IMF furthered angered the SLFP 
opposition. They stipulated that Sri Lanka must cut back on welfare policies, especially rice 
subsidies and impose strict restrictions on the local credit market Agreement to these provisions 
was automatic by Sennanayake who maintained the conditons were reasonable when viewed in 
the context of the assumed advantages the Mahaweli Project would confer. The SLFP was 
enraged, claiming the Government gave the IBRD and IDA the right to " .. .interfere in and 
determine the economic destiny of nearly two-thirds of Sri Lanka ... " (Wilson, 1974). The 
opposition party pointed out that the terms and conditions of the international loans would keep 
Sri Lanka indebted for years, allowing foreign agencies to gain power and control over the 
internal economic, and thus political policies of Sri Lanka for the length of the indebtedness. 
The foreign debt continued to increase rapidly under Dudley Sennanayake's government, 
seriously draining the foreign exchange reserve and placing a huge burden on the country. To 
service the debt and placate the IMF, rice subsidies and other welfare services were cut. 
According to the SLFP, Sennanayake's perception of opportunity translated into an advantage 
of power for the donor countries and agencies, becoming a case of technology transfer between 
unequals, giving the developed countries an advantage and turning Sennanayake's perceived 
opportunity for Sri Lanka into a long term disadvantage. These subtle messages were ignored 
by Sennanayake. 
The United Front (UF) party, elected in 1970 under Mrs. Banadaraike, unsuccessfully 
attempted to change the terms of the loans or have them repudiated but could only slow the 
momentum of debt acquisition by refusing to negotiate any new loans. They were forced, 
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because of the huge expenditures of the previous government, to continue the UNP's agricultural 
program, making rice production the primary consideration of their government, and 
relinquishing their own plans for industrialization. Requests to western countries and 
international credit agencies for industrial development funds were denied because of the 
government's pro-Soviet and anti-American stance. Nor was any assistance forthcoming from 
the Communist bloc because they feared political change would again occur with the next 
change in government and the loans would not be repaid (Wilson, 1974). 
The UNP government led by J.R. Jayewardene, was elected in 1977 and quickly reversed 
negative economic and political feelings towards the western countries. Economic aid from the 
World Bank, IMF and western countries was immediately reinstated and foreign aid and 
expertise began "pouring into the Mahaweli Project", and the schedule was "fast-tracked" in the 
"rush" to stabilize the Jayarwaredene government (Personal communication, H. Saaltinuk, March 
3, 1990; personal communication, D. Schroeter, 1988). Simultaneously, the Jaywardene 
government set up a Royal Commission who found Mrs. Bandaranaike guilty of abuse of power 
and she was expelled from Parliament. This left the official Opposition leaderless and in 
disarray, unable to mount a successful attack against the implementation of the ACMP and 
further increases in foreign loans. The enactment of the ACMP and the disintegration of the 
Opposition ensured the Mahaweli Project would not again be interrupted by a government 
formed by the SLFP or UF, and permanently finalized the committment to mega-hydro projects. 
3.3.2 Unemployment Issues 
The biggest challenge facing successive governments has been to ensure that economic 
development keeps pace with large population increases (Wilson, 1974). In 1949, Sir Ivor 
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Jennings warned of possible negative economic implications from the incredible rate of 
population growth, saying, it was the "fundamental problem of the economy" (Wilson, 1974). 
Between 1931 and 1963, the population doubled itself (Table 3.3.2). In 1973, it was estimated 
that 52% of the population was below nineteen years of age and most of those were under 
fourteen. The GOSL predicts the population in the year 2000 wil be 20 million if the birth rate 
is held at two per family, 25 million if there are three births per family (Sri Lanka, 1979). The 
rate of increase in population, especially after 1946, is due primarily to the widening gap 
between mortality and birth rates resulting from rapid advancments in medicine, expansion of 
medicare services by the government and the continuing decrease in malaria. Almost completely 
eradicated in 1967, the disease had several spurts of growth during the 1970's, probably partially 
due to overuse of Malathion, to which the mosquito has shown a strong propensity to develop 
an immunity (Sri Lanka, 1979). The rapid population growth brings with it a critical need for 
self sufficiency in food production. 
The rapid population growth has brought a corresponding increase in the work force. 
The largest increase occurred in the 1960's when those in the 15-65 age group increased from 
5.25 million to more than 7.5 million (Wilson, 1974). From 1969 to 1970, the numbers seeking 
employment far exceeded labour needs and 14% of the work force was unemployed (De Silva, 
1981). High unemployment intensified demands on the welfare system, especially the rice 
subsidy, which in turn aggravated the dwindling supply of foreign exchange. A large part of 
the unemployed were university graduates, persons who had taken advantage of the 
government's free university education. 
24 
CENSUS YEAR 
1811 
1881 
1891 
1901 
1911 
1921 
1931 
1946 
1953 
1963 
1971 
1980 
1990 
2000 
2030 
2040 
POPULATION 
(millions) 
2.4 
2.8 
3.0 
3.6 
4.1 
4.5 
5.3 
6.7 
8.1 
10.6 
12. 7 
4.2 
POPULATION PROJECTION 
BASED ON TWO-CHILD FAMILY 
ESTABLISHED BY 1991 
(millions) 
19.2 
20.0 
25.0 
30.0 
Table 3.3.2 Population Growth: 1871 to 2040 
(Census of Population 1971, Preliminary Release No. 1, 
Department of Census and Statistics, June, 1972. 
Research and Industry, Industrial Development Board 
of Ceylon, March, 1970, after Wilson (1974); Sri Lanka, 
Ministry of Plan Implementation with the Family 
Planning Association (1979); Population Reference 
Bureau, Incorporated (1980). 1980 World Population 
Data Sheet. Population Reference Bureau, Washington, D.C. 
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CHAPTER 4 THE ORIGINAL MAHA WELI PROJECT 
4.1 GOALS 
The long term goals of the Mahaweli Project as stated by the GOSL were to resolve the 
foreign exchange crisis, to reduce unemployment and underemployment, and to eliminate 
population pressure on scarce land in the Wet Zone. It was thought that the foreign exchange 
crisis could be resolved by achievement of food self-sufficiency, especially rice, and by 
introduction of alternate crops for export into the monoculture system. This strategy would 
reduce imports of rice, while increasing exports. To achieve self-sufficiency in food production 
the amount of irrigable land in the Dry Zone had to be expanded and agricultural productivity 
increased. This required water supplied by the network of dams, storage reservoirs and irrigation 
systems envisioned as part of the Mahaweli Project. The secondary use of the Project was to 
provide hydroelectric power. 
The Mahaweli Project covers 30% of the country and 55% of the Dry Zone (Figure 2.1). 
It was expected that the Project would increase arable land from 0.95 million acres to one 
million acres. Further, it was estimated that another 0.25 million acres would benefit from 
improved irrigation (Sri Lanka, 1969). 
4.2 THE PROJECT 
The Mahaweli Ganga Project was the largest water resource development ever undertaken 
in Sri Lanka and stretches from the Wet Zone to the Dry Zone. Since the capacity of the 
Mahaweli Ganga was greater than that needed for irrigation of the Maha we Ii basin itself, the 
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design included trans-basin water diversions to deliver irrigation water to smaller river basins 
(Netherlands, 1982). The Project altered the character of river basins in Sri Lanka from a 
natural phase consisting of surface water use in conjunction with simple reservoirs to a gradually 
developing phase in which partial regulation of flow would accommodate an increasing number 
of uses including agriculture (Biswas, 1978; David, 1978 in Pierce, 1990). This represents a 
change from natural diversion irrigation techniques practiced by the ancient Sinhalese, to a 
reticulation technique in which many large-scale damming projects and pumping installations 
re-direct river flows throughout the Dry Zone as required for crop moisture (FAQ, 1968; Pierce, 
1990). 
Original plans for the Mahaweli Ganga Project were designed jointly by the Government 
of Sri Lanka, the U.S. Operations Mission, the Canadian Hunting Survey, the UNDP, IBRD, and 
the FAQ during the period from 1957 to 1968 (Sri Lanka, 1969). The FAQ recommended that 
final component designs be undertaken by the appropriate foreign contractors assisted by local 
specialists. 
Authority for development of the Mahaweli Project was vested in the Mahaweli 
Development Board (MDB) and Mahaweli Ganga Authority (MGA) (Table 4.2). Construction 
was divided into three phases talcing into account rates of agricultural growth associated with 
irrigation growth and national hydroelectric demands. Each phase consisted of a number of 
projects divided into irrigation projects and then into smaller components, the smallest of which 
is the turnout level at each farm (FAQ, 1968). 
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MAHAWELI DEVELOPMENT BOARD 
OBJECTIVES 
(1) Implement engineering works 
(2) Encourage general social and engineering development 
(3) Provide for: 
(a) Executive Body: The Mahaweli Ganga Authority 
(b) Policymaking Body: Mahaweli Ganga Sub-Committee 
Chairman: Prime Minister 
MAHAWELI GANGA AUTHORITY 
- Autonomous agency 
- Spearhead development organization 
- Established by Act of Parliament 
Consists of Executive Board with necessary 
supporting organizations at headquarters, 
project areas and field levels 
(FAO, 1968) 
Table 4.2 Mahaweli Development Board and Mahaweli Ganga Authority 
(Cida, n.d., GOSL, 1983) 
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CHAPTER 5 TIIE ACCELERATED MAHA WELi PROJECT 
5.1 GOALS 
Late in 1977 President Jaywardene stressed the need to compress the 20 remaining years 
of the Mahaweli Project into five years. Continuing civil disorders verging on anarchy and 
created by high unemployment in the educated classes were cited as the compelling reason for 
the accelerated program. The ACMP, it was said, would create employment for this group. 
Based on this premise, reducing unemployment was imperative to prevent collapse of the 
government (Brown, n.d). In addition to those of the original Mahaweli Project, the goals of 
the ACMP were to complete the Project in five years, and provide employment to the university 
educated classes. 
5.2 GEOPOLITICAL ISSUES 
It is suggested that the goal of the ACMP to provide employment to the large educated 
class was merely a camaflouge for political opportunism on the part of western countries, 
agencies and the UNP government under Jayawardene. The fact that money 'poured into the 
country' in vast amounts to stablize the pro-western government and prevent a resurgence of the 
SLFP to power (H.J. Saaltink, personal Communication, March 3, 1990; D. Schroeter, personal 
communication, 1987), that there appeared to be no plan in the ACMP under which employment 
for the educated would be provided, and that in reality few employment opportunities were 
created for this group by the ACMP (H. J. Saaltink, personal communication, March 3, 1990), 
all these give credibility to the theory of political opportunism. 
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Keller (1987) lists three reasons for which irrigation systems may be developed. One 
of these is geopolitical. By geopolitical he refers to projects that are initiated for political 
security. He defines security as an undertaking, similar to a military operation which secures 
the national government. The unstated objective of the ACMP, to secure the position of the pro-
western government and to ensure the place of Sri Lanka in the western bloc of nations, can be 
considered under this criteria as a geopolitical reason for the the accelerated development of the 
irrigation system. But, according to Keller, shifting to political objectives should not be used 
as an excuse for careless project planning, or for disregarding rigorous technical and economic 
analyses, or economic and social issues. 
The underlying reason for the rush of western support for the ACMP was to accelerate 
the Project to a point where it could not again be disrupted by a government opposed to the 
Project and to the ideology of the Western countries. In this way, Sri Lanka became part of the 
Western strategy in the overall global conflict between the Western and Eastern bloc of 
countries. Promoting and winning this battle was of primary importance, far more it seemed, 
than the negative impacts of severe inflation and long term economic instability created by the 
large infusion of money into the small country . The donors realized there would be a poor rate 
of return on their investments and that given the haste with which the ACMP was conceived, 
the overall efficiency of the Project would probably be compromised (H. J. Saaltink, personal 
communication, March 3, 1990). In securing the country for what was hoped to be the winning 
side and ensuring its political security at the risk of other objectives, the western donor countries 
and international agencies were involved in a situation similar to a military operation in which 
time was of the essence to achieve conquest. 
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The exigency felt by the GOSL, western countries and international agences toward 
implementation of the ACMP can be exemplified by the following example between Canada and 
the GOSL. The events began at an October 29, 1977, Advisory Committee meeting comprised 
of donor participants, including Canada and the GOSL. It was implied that each part of the 
ACMP would be preceded by a feasibility study and Canada subsequently offered to undertake 
overall studies. Simultaneously the Government of the Netherlands through NEDECO, a Dutch 
firm, was commissioned to undertake an initial implementation strategy study of hydrological 
and meteorological factors to be considered as major planning and evaluation criteria. The 
implementation strategy study was scheduled to be completed in April 1979, and was to be 
followed by the Canadian feasibility studies with an expected completion date of Spring, 1980. 
In early 1978 the GOSL realized that the NEDECO implementation strategy study and the 
Canadian feasibility studies would occupy a major portion of the five years allotted for 
completion of the entire ACMP. Subsequently, and apparently without notifying the Government 
of Canada, the GOSL elected to proceed without feasibility studies, and to approach potential 
donor countries individually, directly asking for their immediate participation and committment 
to developing specific components of the Project (Brown, n.d.). In July, 1978, when the 
Canadian Assistant Project Manager and Project Sociologist arrived in Sri Lanka to undertake 
the feasibility studies, they found GOSL expectations for Canadian participation had dramatically 
changed. The numerical structure of projects in the scheme had been altered and, with the 
exception of the Madura Oya component, individual agreements had already been signed with 
other donor countries who had assigned their own teams to conduct design and feasibility studies 
(Brown, n.d.). Design work for the Madura Oya component, System B, was in progress. 
Designs for the darn had been developed by the Central Engineering Consultancy Bureau 
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(CECB), part of the Mahaweli Development Board, using the original UNDP-FAO 1968 
reconnaissance report as a basis (GOSL, 1987; Brown, n.d.). The GOSL wanted an immediate 
committment from Canada to develop the Madura Oya without Canadian feasibility studies but 
Canadian engineers considered the designs defective. An impasse was reached between the two 
countries because Canada had serious reservations over committing itself to a poorly designed 
project without Canadian feasibility studies. The GOSL on the other hand, was concerned that 
Canadian insistence on feasibility studies would delay the entire Project by influencing other 
countries to postpone construction until completion of the studies. Rushed feasibility studies for 
Canada were finally completed in 1980 by Acres International (Brown, n.d.), but this was after 
Canada reluctantly agreed to accept the CECB designs, committing itself to grants and loans 
totalling $100 million (Canadian dollars) for construction of the Madura Oya Dam and reserovir, 
and $83 million in grants and loans for the tertiary irrigation system of the Right Bank (RB) 
canal of System B. 
The primary motivation for donor countries involving themselves in the ACMP appears 
to be political opportunism and short term economic gain. The political gains, especially 
political control of Sri Lanka, resulted from the economic indebtedness of the country to western 
powers and capitalist ideology. The economic gains included short term export markets for 
donor countries which in tum boosted economic productivity and reduced unemployment at 
home. Other economic considerations for Sri Lanka were secondary to the geopolitical issues. 
Although the participating donor countries realized that the cost effectiveness and rate of return 
on their Projects would be compromised by their actions, choices were made in favor of political 
advantage over economic effectiveness (H.J. Saaltink, personal communication, March 3, 1990). 
In essence this could be considered financing a political ideology rather than merely an irrigation 
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system. The transfer of the technological and/or structural artificats for the Project was used to 
communicate advantages of the Western socio-economic and political culture advocated by its 
proponents. The success of the move toward political stabilization of the Jaywaredene 
government was no doubt enhanced by the discreditation of Mrs. Banardike and her opposition 
party. With the foreign financial backing and simultaneous physical presence of many 
representatives of western countries as well as the elimination of a viable opposition in 
Parliament, the success of the Jaywardene government and the ACMP was assured. 
5.3 THE PROJECT 
The ACMP divided the remaining undeveloped parts of the Mahaweli Project into 
sections (Figure 5.3), each assigned by the GOSL to a different country or set of countries. The 
separate components were apparently developed without an overall feasibility study of the entire 
Project. Separate component feasibility studies, if done at all were rushed so that projects could 
be completed within the five year period. In at least one instance, the case of Canada and the 
Madura Oya Dam, funds were committed to a poorly designed project before a feasibility study 
was undertaken. 
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Figure 5.3 The Accelerated Mahaweli Project 
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CHAPTER 6 CONTEXT OF EVALUATION: PHYSICAL CONSTRAINTS 
The petfonnance of the irrigation system must be evaluated within the context of physical 
factors which impose limits on the potential effectiveness of the system. The major natural 
constraints are seasonally limited water supplies, high rates of evapotranspiration, drought, and 
poorly drained soils. In addition to the natural constraints, errors in estimating quantities of 
surplus water, although technically a dysfunction in the design of the irrigation system, are not 
part of the petfonnance of the system and can be considered at least partially, a physical 
constraint limiting water supplies available for distribution by the irrigation system. 
6.1 SEASONALLY LIMITED WATER SUPPLIES 
Under normal climatic conditions water is a scarce resource in the Dry Z.One during the 
Yala monsoon season and must be efficiently managed to achieve optimal agricultural yields 
even after the Mahaweli Project is fully operational. Except during periods of drought, abundant 
but unequally distributed supplies of rainwater are available during the Maha monsoon period. 
During ancient times, much of the surplus water from the Maha was conserved in reservoirs 
called tanks, some of which are still in use. In the recent past, traditional chena agriculture was 
limited to one annual rainfed crop during the Maha. One of the purposes of the Mahaweli 
Project was to provide adequate storage facilities for surplus water from the Maha, much of 
which was to be allotted to irrigation for a second annual crop (D. Schroeter, personal 
communication, 1987). 
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6.2 DROUGHT 
During drought periods natural water supplies are insufficient to meet all agricultural 
needs and proper management of reservoirs is essential to distribute available water equitably 
so that the potential for crop failures is reduced. The negative impacts of poor management are 
illustrated in the following examples. During the drought of the 1981-82 Maha season, 
authorities in System H were unable to resist pressure from farmers for water and opened the 
reservoir gates. Within one month the entire reservoir supplying the area was depleted 
(Netherlands, 1982). In another system, authorities advised farmers that irrigation water would 
be supplied only through one canal system; the other canal would be closed and adjoining farms 
deprived of water. Fighting broke out between farmers, and between farmers and authorities 
over which canal would be closed. Authorities again bowed to pressure, but this time both 
canals were closed and all crops failed (H. Saaltinuk, personal communication, March 3, 1990). 
6.3 EV APOTRANSPIRA TION AND SOILS 
High temperatures and strong winds cause rapid evapotranspiration rates especially during 
summer when little rain falls except from occasional convective storms. Evaporation losses 
occur from standing bodies of water such as waterlogged fields, open canal systems, and 
reservoirs. Gley soils found on valley bottoms where most cropping occurs are poorly drained 
and tend to be subjected to natural waterlogging. Additional standing water may occur if 
irrigation is improperly managed. Performance levels of the irrigation system depend in part on 
a system designed with efficient drainage and a well constructed infrastructure to minimize 
potential losses of water to evapotranspiration. Competent management and operating practices 
are esential. 
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6.4 ERRORS IN ESTIMATION OF SURPLUS WATER 
An evaluation by the Royal Tropical Institute-(Netherlands, 1982) states that calculations 
during planning for the ACMP over estimated surplus water supplies and raised serious qestions 
about the ability of the Mahaweli Project to meet agricultural and electrical power requirements. 
For example, the amount of surplus water destined for the Madura Oya reservoir through the link 
tunnel from the Mahaweli Ganga was over estimated in CECB studies. Computer simulation 
models by Acres International (1980), Canadian consultant for CIDA, show priority demands 
made by System C during May, June and July, the peak usage periods, would deplete available 
water quantities and leave the Mahaweli system capable of delivering only 92% of that required 
by System B. Acres subsequently recommended construction delays for this section and its 
possible deletion from the system. 
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CHAPTER 7 EVALUATION OF THE IRRIGATION SYSTEM PERFORMANCE 
In the original project design for rural irrigation projects of many less developed 
countries, physical constraints have not been given the detailed attention necessary to ensure that 
controls to minimize their impacts on the efficiency of the irrigation system are incorporated into 
the project construction and/or its future operating practices. The performance levels of the 
irrigation system are dependent in part on the minimization of the negative impacts of the 
physical constraints. Because of the importance of this factor, performance of the irrigation 
system of the Mahaweli Project is evaluated within the context imposed by the physical 
constraints. 
7 .1 ALLOCATIVE EFFICIENCY 
Allocative efficiency is the capability of the irrigation system to allocate and deliver 
quantities of water quantities required to ensure crop growth (Pierce, 1990). The required water 
for crops is calculated as the design capacity of the irrigation system in the project planning 
stages. The efficiency by which the design capacity of water is delivered to the agricultural 
fields and root zone of the plants is dependent on gross water storage in reservoirs, and to the 
carrying capacity of canals and pipes (Bruce and Clark, 1980). The extent to which the designed 
carrying capacity is met, and thus its allocative efficiency is dependent on the control of water 
losses due to physical constraints, proper design and construction of the system, and to the 
efficient operation and maintenance of the system. 
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7 .1.1 Irrigation Water-use Efficiency 
Water-use efficiency can be divided into two types, distribution efficiency or the 
percentage of water reaching the irrigated area from its original source, and farm efficiency, the 
percentage of water controlled by a farmer and used effectively for crops (Pierce, 1990). Crop 
survival and agricultural productivity are dependent on optimum distribution and farm 
efficiencies. The quantity of water necessary for crop growth, or the design capacity of the 
irrigation system is based on plant requirements for soil moisture in the root zone. It differs for 
each plant type and varies with soil type, but for most plants, falls between field capacity and 
the wilting point. One exception is paddy rice which is grown in flooded fields (Christiansen, 
1986). Although percentage figures are unavailable, it is known that distribution and farm 
efficiency in Sri Lanka is poor due to a variety of causes including poor design and/or 
construction of tertiary level infrastructures, poor management and administration of both the 
micro and macro levels of the irrigation system, and its lack of maintenance. 
At the macro level, the practice of releasing reservoir water on a pre-determined date 
each year regardless of climatic implications, or during the Maha season except during drought, 
is a wasteful use of water supplies and unnecessarily floods fields beyond field capacity 
contributing to waterlogging. In addition, this practice depletes the supply of water available for 
use during the Y ala dry season reducing the potential for a second annual crop. At the micro 
level, the major problem has been the design and management of the turnout system, allowing 
farmers at the head to divert a greater amount of water and often leaving little for those at the 
tail end. The lack of maintenance throughout the system is a major factor in its poor efficiency 
levels. Water losses due to high rates of evaporation or water seepage from canals and 
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reservoirs, soil type, and other physical constraints further limit farm efficiency all of which 
contributes to low agricultural productivity. 
7 .1.2 Environmental Aspects of Irrigation Development 
Waterlogged fields are a major and often unnecessary problem contributing to overuse 
and depletion of water supplies. Low infiltration rates of the gley soils which occupy the valley 
bottoms cause seasonal waterlogging (Sri Lanka, 1972) which has made these areas ideal for 
growing paddy rice, but over irrigation and poorly designed and inefficient drainage systems 
have resulted in unnecessary waterlogging problems. Water seepage from unlined canals and 
reservoirs also contributes to waterlogging. This water is translocated downward to the 
groundwater area from where it spreads downslope or laterally on valley floors, elevating the 
water table and rising through capillary action to the subsurface or surface soil areas where it 
contributes to waterlogging. Irrigation or rainwater in excess of field capacity, over-use of water 
at the head end of the field canal system, unlevel fields, and/or improper scheduling of water 
distribution may all cause waterlogging. 
High temperatures and winds in the Dry Zone cause rapid evaporation rates from 
waterlogged fields (Acres, 1980; CIDA, n.d.; Farmer, 1957) precipitating out salts into the soil 
surf act or root zone causing soil salinity. Irrigation increases salinity in several ways. In readily 
drained soils excess irrigation water percolates quickly downward to the groundwater level where 
salts are leached out and deposited in the root zone. In poorly drained areas irrigation water in 
excess of field capacity results in waterlogging and a rise in the groundwater level with excess 
concentrations of salt at or near the soil surf ace (Pierce, 1990). Seepage from unlined reservoirs 
and canals increases the groundwater supply contributing to higher groundwater levels and soil 
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salinity. Chemical alteration of the water may occur by contact with bedrock in groundwater 
storage areas. Well designed drainage systems systems are required to reduce waterlogging and 
restrict movement of salts in groundwater (Pierce, 1990). In the Minipe component of the 
Project drains were installed and an annual field flushing program begun in an attempt to prevent 
salinity which occurred in association with upland subsurface drainage in the Madura Ova basin 
(Acres, 1980; CIDA, n.d.). 
7.1.3 Reliability and Predictability of Irrigation Water 
The unreliability and unpredictability of irrigation water delivery to the agricultural fields 
is a major problem in attaining distribution and farm efficiencies. Sufficient water on a regular 
basis is necessary for plant health and growth. Unreliable quantities of water and unpredictable 
water delivery schedules are a major factor in crop failures and prevent growth in agricultural 
productivity. 
7.1.3.1 Design and Structural Problems 
The irrigation system is designed so that turnouts from the feeder canals, connected to 
the main system, supply water to individual fields. Farmers at the beginning of the turnout 
system often divert more water than necessary for crops while those at the end are left without 
an adequate supply (Mahaweli: Fountains of Paradise. Videorecording, 1984). Those at the 
beginning of the turnout system generally have bountiful yields while crops at the end may fail. 
The ability of farmers to obtain an equal share of the water supply has been pre-determined by 
the allocation to them of a specific land plot with a particular location in the turnout system. 
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Poor design and construction of the tertiary level infrastructure reduces the performance 
levels of the irrigation system. According to Corey (1982) in Bhuiyan (1987) more than 50% 
of tertiary level infrastructures in Sri Lanka are non-functional due to damage or inappropriate 
locations. These problems inhibit expected water deliveries to farms, frustrating farmers who 
then resort to illegally cutting canal banks to obtain water. A similar situation occurred in the 
large Upper Pampanga River Integrated Irrigation system in the Phillipines, where 40% of 
turnout openings from feeder canals are improperly located. These structural errors create 
inequities in irrigation water distribution resulting in resentment and hostility of affected farmers 
and problems between farmers with regard to watersharing (Bhuiyan, 1987). 
Most causes of non-functional tertiary level structures are related to poor design or 
construction. Often, poor designs result from a lack of good quality field data due to data 
collection difficulties on small landholdings and a lack of awareness by planners of the 
importance of the data in ensuring high performance of the irrigation system. Construction 
related inadequacies are usually due to lack of supervision over construction and are associated 
with an attitude that tertiary and field-level construction supervision is relatively unimportant 
(Bhuiyan, 1987). Given the time constraints for development of the ACMP it is easy to envision 
any of these causes creating the large percentage of tertiary level infrastructures which are non-
functional. 
7.1.3.2 Operation and Maintenance 
As in most other rural irrigation development projects of developing countries, operation 
and maintenance of the irrigation system was taken for granted during the planning and design 
stages of the Mahaweli Project. Donor countries and international loan agencies have 
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traditionally left operation and maintenance up to the host country but both they and the host 
governments tend to ignore this aspect. Long term costs involved in institutionalization of 
planned operation and maintenance programs are much higher than the initial funding for the 
physical structures and results are not readily apparent. Thus governments are faced with high 
costs and few visual effects, making incorporation of operation and maintenance into project 
designs politically unattractive. 
In Sri Lanka, poor maintenance of the irrigation system has resulted in canal bank erosion 
and siltation, weed overgrowth and general declines in the irrigation system performance. It is 
a major factor in limiting farm water-use efficiency. In Minipe, silt deposition in the main 
channel has resulted in a rise of the channel bed from 1.5 m to 3.0 m, elevating the water level 
while at the same time decreasing the quantity of flow (Wanigaratne, 1979). Another example 
of poor maintenance is the irrigation system in the Kirama Oya basin (Hesselberg, 1986). 
Although this river is located in the Wet Zone, the degree of disrepair is typical of irrigation 
systems in the Dry Zone. Anicuts, channels and bunds are eroded or silted up, and weed 
overgrowth is common, resulting in limited water supplies to some areas and an oversupply of 
water to others. Land in some of the affected areas has been abandoned and yields on cultivated 
acreage has decreased. 
It has been predicted by Barker et al. (1984) in Buihyan (1987) that serious problems in 
Asian agricultural productivity will occur if funds are not allotted for maintenance and 
rehabilitation of irrigation systems. The move to implement water user fees by the Jaywardene 
government in Sri Lanka was to partially address this problem (Sri Lanka, 1984; World Bank, 
1984) as all fees were to be returned to the system for operation and maintenance (Sri Lanka, 
1984). 
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7.1.3.3 Management and Administration 
Farmers have a vested interest in maintainence of the irrigation system. In the past, it 
was thought that incentives to farmers for maintenance could best be handled through farmer 
organizations in which farmers learned management skills and, through group co-operative 
efforts, supported canal maintenance as a means of increasing performance levels of the water 
distribution system. Recent studies have shown however, that at least on small landholdings, 
decentralization of decision making is more successful than the farmer organization approach 
(Bagadion and Korten, 1980 in Buihyan 1987). Farmers and irrigation staff are both involved 
in decision making, beginning with the planning stages of the Project. It is now acknowledged 
by the World Bank and others that farmer participation in planning decisions associated with 
management of the irrigation system result in greater water-use efficiency and agricultural 
productivity (Bhuiyan, 1987; Yudelman, 1987). 
Regulation of irrigation water-use through scheduling at the macro and micro levels of 
the irrigation system is essential to equitable water distribution and water conservation. Farmers 
who refuse to follow water-use schedules affect farm efficiency by upsetting the planned 
distribution schedule and often deprive others of water. In Minipe, farmers refused to adhere 
to planned water-use time schedules instead, irrigating according to individual preference. This 
practice caused hostility and decreased cooperation between farmers in efforts to establish 
equitable water distribution and maintenance of the system. The irrigation authorities claimed 
they were powerless to resolve the scheduling problems, or to maintain the system, due to 
interference from other government officials also vested with authority to maintain field channels 
(Wanigaratne, 1979). Duplication of duties led to in-fighting between government agencies 
while performance of the irrigation system continued to deteriorate. 
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Recognition by the World Bank of problems in organizing management and 
administration of the irrigation system after project completion has resulted in consideration of 
possible policy changes in project designs. The changes would incorporate institutionalization 
of operation and maintenance in original small project designs, as well as programs of both 
farmers and irrigation officials in planning and decision making of water-use time schedules 
(Yudelman, 1985). 
7.2 LAND MANAGEMENT AND SUSTAINABILITY 
It is important to distinguish between the gross addition to the irrigated land base and the 
amount of irrigated land that is actually used (Pierce 1990). After completion of the Mahaweli 
Project, the total amount of irrigable land in Sri Lanka will be about one million hectares. The 
Project increased the gross irrigable area from 255,000 ha in 1960, to 525,000 ha in 1980 
(Bhuiyan, 1987), but the number of hectares actually in use during either the wet or dry seasons 
is problematic due to low performance of the irrigation system. Optimal use of the water 
resource is required to enhance yields on all irrigable land. Continued growth in agricultural 
productivity is necessary to ensure focxl self-sufficiency for an ever increasing population. 
Allowing for two children per couple, it is estimated that in the year 2040, population will soar 
to at least 30 million (Table 3.3.2) (H. J. Saaltink, personal communication, March 3, 1990; Sri 
Lanka, 1984). To meet focxl requirements, production must be increased to a minimum of 5 
mt/ha from the present average of 3 mt/ha (H. J. Saaltink, personal communication, March 3, 
1990; Sri Lanka, 1984). Expansion of potentially irrigable land by the Mahaweli Project, 
without achieving maximum distribution efficiency of the irrigation system for optimum crop 
production, will not produce increases in agricultural yields. 
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Success of land management of individual farmers in achieving optimal agricultural 
production per hectare of land is mixed. Crop failures and loss of land to creditors has occurred, 
especially among fanners located at the tail end of the turnout system. The primary reason for 
failure has been the inequitable and unreliable deliveries of irrigation water. Crop failures 
decrease income and increase farmer indebtedness. Farmers are unfamiliar with new credit and 
marketing practices, and non-traditional agricultural methods contribute to their problems. Most 
are unable to repay their loans and eventually loose control, although not legal ownership, of 
their land to creditors for whom they then work as tenant farmers. In tenant farmer families 
there are increased unpaid work loads for women who are forced to help in the fields in addition 
to their domestic chores. The farmers who attain increased agricultural productivity are often 
those whose land is located at the head end of the turnout system where water is plentiful. 
Because of the number of small farm failures, the farm creditors often control large landholdings 
(Netherlands, 1982; Sri Lanka, 1986) and employ many tenant farmers. Much of the irrigable 
land is now concentrated in the hands of a few large landholders, a situation directly opposite 
to the intent of the original Project design, to give the majority of settlers who migrated to the 
Dry Zone small individual landholdings. However, it is argued (H. J. Saaltink, personal 
communication, March 3, 1990), that large landholdings with central control and decision-
making produce much higher agricultural yields than small individual farms. This is important 
nationally to Sri Lanka in terms of achieving sustained self-sufficiency in food production. 
Rural irrigation projects in less developed countries create many negative impacts such 
as cultural changes and social upheaval, but there are also often some absolute gains and direct 
benefits. This is especially true for peasants who are removed from poverty in densely crowded 
urban regions such as the Wet Zone in Sri Lanka, and settled as farmers on small landholdings 
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in rural areas. Successful farmers naturally gain the most, but even those who have lost their 
landholdings and become tenant farmers are better off than had they remained in the Wet Z.One. 
In the Wet Z.One many of these peasants were totally landless and/or lived in poverty in densely 
crowded neighborhoods. Employment was practically non-existent and food was scarce. In the 
Dry Z.One, tenant farmers are allowed to continue to live on their land and this factor in itself 
constitutes a higher standard of living which can be considered an absolute gain, not perhaps the 
degree of gain achieved by successful farmers, but nonetheless, a gain when compared to their 
previous lifestyle. The tenant farmer is employed on the land, deriving direct benefits in terms 
of income which enables him to purchase some commodities previously denied. Living on rural 
land offers an opportunity to grow much of his own food and thus his family is better nourished 
than when living in urban areas. 
7.3 EMPLOYMENT 
A major goal of the Mahaweli Project was a reduction in national unemployment and 
underemploymment, and of the ACMP, a reduction of unemployment in the university educated 
classes. It appears these objectives have not been met. Not only has the ACMP failed to create 
employment for the educated classes, but neither it or the original Mashaweli Project offered 
many short or long term employment opportunities for other groups, except for farmers (D. 
Schroeter, personal communication, 1987; H. J. Saaltink:, personal communication, March 3, 
1990). Studies show that non-farm employment has not increased significantly since the 
inception of the Mahaweli Project (Hasbullah, 1990). The failure of the Project to create 
employment is particularly noteworthy in the case of the educated groups because their 
employment was said to be a major goal of the ACMP. Except for the Madura Oya dam design 
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studies in which the engineers managed to initiate preliminary soil, road and design work before 
the foreign donor CIDA, was approached (Brown, n.d.), neither Sri Lankan engineers or other 
groups from the educated classes were involved in the ACMP (D. Schroeter, personal 
communication, 1987; H. J. Saaltink, personal communication, March 3, 1990). Employment 
created by the original Mahaweli Project and the ACMP was for laborers at construction sites, 
for some professionals as Project administrative staff, and, for postal workers, teachers, hospital 
and health care workers, and police and fire department workers in newly created villages. 
Agricultural extension workers, shopkeepers and others provided services to the agricultural 
community. After Project completion a few jobs were available for administration of darn and 
hydropower facilities and when implemented, in spinoff industries such as fisheries and forestry 
(Acres, 1980; CIDA, n.d.). 
It is possible that acceleration of the Mahaweli Project from thirty to five years 
eliminated time which could have been allotted to organization of employment opportunities in 
the ACMP for the educated group. In the "hurry-up" atmosphere of the ACMP the status of the 
Project was confused and uncertain (Brown, n.d.) and there was little time for thoughtful 
planning. The accelerated nature of the ACMP itself, required too many changes in too short 
a time (H. J. Saaltink, personal communication, March 3, 1990). The employment issue, a major 
goal of the ACMP appears to be clouded in the haste to achieve political stabilization of the pro-
western government. 
7.4 ECONOMIC DEVELOPMENT 
Economic development is dependent on continued growth in agricultural productivity 
because rice self-sufficiency and food exports are necessary to diminish food imports and 
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eliminate the trade deficit, to resolve the foreign exchange crisis, and to meet international loan 
payments. Continued growth in agricultural productivity is in turn dependent on cultivation of 
all irrigable land in the Dry Zone. The low rates of farm and distribution efficiencies due to low 
performance levels of the irrigation system has limited water supplies and precludes the 
expansion of agriculture to many of these areas. Limited water supplies now constitutes the 
major constraint to further increases in agricultural yields (Sri Lanka, 1984; World Bank, 1984). 
During the 1984-85 season increases in rice yields brought the country near the goal of 
rice self-sufficiency. These yields were acheived by exploiting the use of HYV seeds, by 
application of chemical fertilizers, and by use of other modern agricultural technologies, but 
these techniques have now reached their potential limit. Additional agricultural productivity is 
dependent on increased distribution and farm efficiencies in delivering available water to the 
fields. Yield enhancement will be negligible without adquate water supplies. 
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CHAPTER 8 CONCLUSION 
The Mahaweli Project was conceived and developed to mitigate long standing historical 
and contemporary problems of Sri Lankan society. Alleviation of land shortages and 
unemployment in the Wet Zone were historical issues; self-sufficiency in rice, and later, 
reduction of the foreign exchange crisis were more contemporary topics. Political philosophies 
complicated the issues. International funding and advisory agencies tended to take advantage 
of individual ideals of grandiose agricultural and hydraulic schemes which influenced the type 
and scale of development the Mahaweli Project has become. 
Original plans for the Mahaweli Project were initiated in 1957 and envisaged a 30 year 
time period for completion. Progress was disrupted several times due to changes in governments 
and respective ideologies, but completion was ensured by the implementation in 1978, of the 
Accelerated Mahaweli Program which reduced the remaining time period of the Project to five 
years. Western developed countries hastily provided an unprecedented amount of funds, 
primarily in the form of loans, to expedite the project and stabilize the pro-western Sri Lankan 
government. Simultaneous stifling of the opposition party and deposition of its leader ensured 
the Project would not again be interrupted by a government which opposed it, and the 
accompanying transfer of western ideology. Since 1978, permanent alliances have been formed 
between the GOSL and the western developed countries, although whether this has been more 
benefieial to Sri Lanka than to the western countries is questionable. Large payments on loan 
principal and interest have indebted Sri Lanka to western countries for many future years. 
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The political considerations and "hurry-up" attitude of the GOSL and western donors 
appeared to outweigh careful, thoughtful planning, rigorous technical analyses, and cost-effective 
practices for the Project probably influencing the low performance of the irrigation system, 
although similar problems exist in other rural irrigation projects. The low performance of the 
irrigation system in delivering available water to the agricultural fields has caused crop failures, 
debt, and land losses for some farmers, and has limited the growth in agricultural prcxluctivity. 
Problems which contribute to the low performance of the system include poor structural design 
and construction, poor management, operation and maintenance of the irrigation system, and 
exclusion of farmers from management and the decision making process. Many of these 
problems have now been recognized by the GOSL which claims rectification is in progress. 
There have been some successes and some failures in achieving the overall goals of the 
original Mahaweli Project. Population pressure on land in the Wet Zone has decreased by the 
migration of the landless and land poor to, and settlement in, the Dry Zone on small farm plots 
furnished by the government. The farmers, even those who have lost land, have achieved some 
direct and absolute gains in terms of quality of life and employment. But the success rate in 
reducing non-farm unemployment and underemployment has been low and the increase in 
numbers of non-farm jobs is not significant. The major employer is the Mahaweli Authority of 
Sri Lanka and the Mahaweli Development Board. Jobs within these bueacracies are primarily 
for farm, credit and prcxluce marketing managers, administration and clerical staff, and service 
workers. A few spinoff industries employ professionals or laborers as foresters or fishermen and 
some service workers and teachers are employed in newly created villages. While some of the 
educated classes are employed in these capacities, the number is small compared to the total 
unemployed and to the expectations created by the ACMP. Thus the stated objective of the 
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ACMP to provide employment for the educated classes, and of the original Mahaweli Project 
to significantly reduce unemployment and underemployment, has not been realized. 
Achievement of contemporary food self-sufficiency is near, but future food self-
sufficiency is in doubt without further growth in agricultural productivity, a goal hampered by 
limited water supplies associated with poor performance levels of the irrigation system. Poor 
management of the irrigation system from the reservoir to the farm turnout, and lack of 
maintenance, coupled with physical constraints, have all contributed to its low performance. 
Until performance of the irrigation system is raised to levels which ensure reliable and equitable 
water delivery to all irrigable acres of the Dry Zone, increased agricultural productivity and 
permanent food self-sufficiency will not be achieved. 
It is doubtful that resolution of the trade deficit and foreign currency crisis has occurred. 
It would appear that instead of resolution, the foreign exchange crisis has been worsened by the 
millons of dollars in loans the country has accepted and will be a chronic problem for the 
foreseeable future. 
The majority of problems in Sri Lanka are similar to those experienced in other 
developing countries with large rural irrigation projects. Because of the similarity in problems 
with other countries, it may be argued that the lack of planning, technical analyses, and cost 
effective practices had little to do with the low performance of the irrigation system. On the 
other hand the performance of the system may have been much higher if the entire thirty years 
had been utilized for thoughtful planning and synthesis of all components of the Project. The 
present attempts of the GOSL to rectify the problems are costly in terms of time and money. 
Funding for repairs was probably added to previous loans thus increasing total debt burdens of 
the country. The UNP governments appeared to assume that a mega-irrigation system and 
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agricultural development scheme would ensure national self-sufficiency, wealth, and prosperity 
as they perceived it had done for western developed countries. Instead, the country has lost 
much of its domestic socio-economic and political control because of its acceptance of the 
stringent conditions imposed on its internal economy by the international lending agencies. The 
combination of all of these factors does not leave the country in an enviable position. Sri Lanka 
is heavily in debt and her physical geography and human culture unalterably changed by the 
large scale invasion of technology and western ideology. Will these transformations effected 
by the Mahaweli Project solve the country's problems and give it the self-sufficiency and 
independence it desires? 
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